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ABSTRACT 

A p r o j e c t  was begun t o  computerize f i s h e r i e s  d a t a  contained w i t h i n  t h e  
Div is ion  of Spor t  F i s h ' s  stream and l a k e  f i l e s .  Geographic, land 
s t a t u s ,  and f i s h  resource  d a t a  f o r  more than  800 l a k e s  and s t reams were 
en te red  on t h e  hard d i s c  of an IBM PC-XT microcomputer. Sequent ia l  and 
random access  f i l e  formats  w e r e  used. A v a r i e t y  of BASIC programs were 
w r i t t e n  f o r  f i l e  maintenance and d a t a  r e t r i e v a l .  Seve ra l  "user  
f r i end ly"  programs were w r i t t e n  f o r  gene ra l  d a t a  access  by r eg iona l  
s t a f f .  

A d r a f t  r epor t  w a s  w r i t t e n  regard ing  t h e  e f f e c t s  of logging on f i s h  
resources .  This  r e p o r t  w a s  forwarded t o  t h e  Department of F ish  and 
G a m e ' s  Hab i t a t  Div is ion  f o r  i nc lus ion  i n  a departmental  r e p o r t  dea l ing  
wi th  t h e  e f f e c t s  of logging on f i s h ,  w i l d l i f e ,  and t h e  u s e r s  of t h e s e  
resources .  This  r e p o r t  is  being prepared a t  t h e  same t i m e  t h e  U.S. 
Fores t  Serv ice  i s  prepar ing  a s t a t u s  r e p o r t  [706(b) r e p o r t ]  on t h e  
Tongass Nat iona l  Fo res t ,  5 yea r s  a f t e r  t h e  passage of t h e  Alaska 
Nat iona l  I n t e r e s t  Lands Conservation Act (ANILCA). 
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BACKGROUND 

The Tongass Land Management P lan  (TLMP) w i l l  be  r e v i s e d  i n  1989. This  
p l a n ,  which i s  t h e  pr imary management p r e s c r i p t i o n  f o r  most of s o u t h e a s t  
A l a s k a ' s  f i s h e r i e s  h a b i t a t ,  i s  c r u c i a l  t o  t h e  f u t u r e  of t h e  r e g i o n ' s  
f i s h e r i e s  r e s o u r c e s .  The U.S. F o r e s t  S e r v i c e  h a s  a l r e a d y  begun working 
on t h e  r e v i s i o n ,  a l though e f f o r t s  w i l l  i n c r e a s e  i n  1986. 

When t h e  Alaska N a t i o n a l  I n t e r e s t  Lands Conservat ion A c t  (ANILCA) w a s  
passed i n  1980, one of t h e  most c o n t r o v e r s i a l  s e c t i o n s  was t h e  n a t i o n a l  
f o r e s t  t imber  u t i l i z a t i o n  program ( S e c t i o n  705) .  It was s p e c i f i e d  
t h e r e i n  t h a t  t h e  S e c r e t a r y  of t h e  Treasury  s h a l l  make a v a i l a b l e  t o  t h e  
S e c r e t a r y  of A g r i c u l t u r e  t h e  sum of 40 m i l l i o n  d o l l a r s  a n n u a l l y ,  o r  a s  
much as t h e  S e c r e t a r y  of A g r i c u l t u r e  deems n e c e s s a r y ,  t o  m a i n t a i n  a 
t imber  supply  from t h e  Tongass N a t i o n a l  F o r e s t  t o  dependent i n d u s t r y  a t  
a r a t e  of 4 . 5  b i l l i o n  board f e e t  p e r  decade. 

S e c t i o n  706(b) of ANILCA r e q u i r e d  t h a t  w i t h i n  5 y e a r s ,  t h e  U.S. F o r e s t  
S e r v i c e  (USFS), i n  coopera t ion  w i t h  t h e  S t a t e  of Alaska,  a f f e c t e d  Native 
Corpora t ions ,  t h e  Southeas t  Alaska t imber  i n d u s t r y ,  t h e  S o u t h e a s t  Alaska 
Conservat ion Counci l ,  and t h e  Alaska Land Use Counci l ,  p r e p a r e  a r e p o r t  
t o  Congress on t h e  s t a t u s  of t h e  Tongass N a t i o n a l  F o r e s t .  The Regional  
F o r e s t e r  recommended i n  1984 t h a t  c o o p e r a t i n g  a g e n c i e s  and o r g a n i z a t i o n s  
would b e  w i s e  t o  p r e p a r e  t h e i r  own documents i n  response  t o  t h e  706(b) 
mandate i n  l i e u  of s o l e l y  a t t e m p t i n g  t o  shape t h e  F o r e s t  S e r v i c e ' s  
r e p o r t  t o  t h e i r  l i k i n g .  The Alaska Department of F i s h  and Game (ADF6G) 
dec ided  t o  do j u s t  t h a t .  The c u r r e n t  d a t e  f o r  complet ion of t h e  
Department 's  r e p o r t  i s  May, 1985. The F o r e s t  Service p l a n s  t o  submit 
t h e i r  706(b) r e p o r t  t o  Congress by December 1985. 

Given t h e  i n c r e a s i n g  p lanning  a c t i v i t i e s  w i t h i n  and o u t s i d e  of t h e  
Department,  and e s p e c i a l l y  g iven  t h e  upcoming r e v i s i o n  of t h e  TLMP, t h e  
Region I S p o r t  F i s h  S t a f f  b e l i e v e d  it c r i t i c a l  t h a t  f i s h e r i e s  d a t a  b e  
b e t t e r  organized  and a computerized d a t a b a s e  system b e  developed t o  
a l l o w  r a p i d  and more complete p a r t i c i p a t i o n  i n  r e g i o n a l  p lanning  
e f f o r t s .  T h i s  w i l l  enhance our  a b i l i t i e s  t o  respond p r o p e r l y  t o  f u t u r e  
p lanning  d e c i s i o n s  and h e l p  a s s u r e  p r o t e c t i o n  of v a l u a b l e  f i s h e r i e s  
r e s o u r c e s .  

Table  1 l is ts  t h e  common name, s c i e n t i f i c  name, and a b b r e v i a t i o n  f o r  
each f i s h  s p e c i e s  mentioned i n  t h i s  r e p o r t .  

RECOMMENDATIONS 

Management: 	 Develop a depar tmenta l  comprehensive r e c r e a t i o n a l  f i s h e r i e s  
p l a n  f o r  s o u t h e a s t  Alaska. 

Research: Cont inue t o  develop a computerized stream and l a k e  d a t a b a s e .  

OBJECTIVES 

1) 	 To develop  a r e a d i l y  a c c e s s i b l e  computerized d a t a b a s e  
which w i l l  i n c l u d e  a l l  p e r t i n e n t  in format ion  a v a i l a b l e  
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Table 1. L i s t  of common names, s c i e n t i f i c  names, and abbrevia t ions .  

COMMON NAME 

Pink salmon 

Chinook salmon 

Chum salmon 

Coho salmon 

Sockeye salmon 

Kokanee 

Dolly Varden 

Rainbow t r o u t  

Steelhead t r o u t  

Cut throa t  t r o u t  

Brook char  

A r c t i c  g ray l ing  

SCIENTIFIC NAME ti AUTHOR 

Oncorhynchus gorbuscha (Walbaum) 


Oncorhynchus tshawytscha (Walbaum) 


Oncorhynchus keta (Walbaum) 


Oncorhynchus kisutch (Walbaum) 


Oncorhynchus nerka (Walbaum) 


Oncorhynchus nerka (Walbaum) 


SaZveZinus maZma (Walbaum) 


SaZmo gairdneri Richardson 


SaZmo gairdneri Richardson 


SaZmo cZarki Richardson 


SalveZinus font ina Zis (Mi tche l l )  


ThymaZZus arct icus  ( P a l l a s )  


ABBREV. 

PS 

KS 

cs 

ss 

RS 

KK 

DV 

RB 

SH 

CT 

BT 

GR 
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r e g a r d i n g  e x i s t i n g  o r  p o t e n t i a l  s p o r t  f i s h e r i e s  i n  
Southeas t  Alaska.  

2) 	 To p a r t i c i p a t e  i n  m u l t i p l e  agency p lanning  a c t i v i t i e s  i n  
o r d e r  t o  i d e n t i f y  and p r o t e c t  e x i s t i n g  and p o t e n t i a l  
s p o r t  f i s h e r i e s  i n  Southeas t  Alaska.  

TECHNIQUES USED 

1)  Database Development 

A pr imary l a k e  and s t ream d a t a  f i l e  was c r e a t e d ,  w i t h  22 f i e l d s  
( v a r i a b l e s )  p e r  r e c o r d .  There a r e  c u r r e n t l y  830 r e c o r d s  i n  t h i s  f i l e .  
V a r i a b l e s  i n c l u d e  t h e  name of t h e  l a k e  o r  s t r e a m ,  map r e f e r e n c e ,  
l a t i t u d e ,  l o n g i t u d e ,  VCU, LUD, anadromous stream number, 12 s p e c i e s  
f i e l d s ,  p resence  of USFS r e c r e a t i o n a l  c a b i n s ,  and a r e c o r d  number. 

The d a t a  e n t r y  s h e e t s  were coded and taken  t o  Woolfe and A s s o c i a t e s  f o r  
key punching onto  8%'' f loppy d i s k e t t e .  The d i s k e t t e  w a s  t a k e n  t o  t h e  
S t a t e  of Alaska Computer Center  and t h e  d a t a  were loaded onto  t h e  
S t a t e ' s  IBM mainframe computer. 

Once d a t a  were on t h e  S ta te  computer,  t h e  f i l e  was e d i t e d ,  s o r t e d ,  and 
t h e n  downloaded t o  t h e  IBM PC-XT microcomputer i n  t h e  D i v i s i o n  of S p o r t  
F i s h ' s  S o u t h e a s t  r e g i o n a l  o f f i c e .  The f i l e  w a s  t h e n  f u r t h e r  e d i t e d  w i t h  
P e r s o n a l  E d i t o r .  PC-Talk w a s  used t o  t r a n s m i t  t h e  d a t a  f i l e  from t h e  
S t a t e  computer t o  t h e  microcomputer. 

Programs w r i t t e n  i n  BASICA were developed f o r  o u t p u t t i n g  d a t a .  One 
program was w r i t t e n  i n  a "user  f r i e n d l y "  format  such t h a t  anyone, 
r e g a r d l e s s  of programming a b i l i t y ,  can run  t h e  program and access 
i n f o r m a t i o n  from t h e  d a t a  f i l e s .  Because t h e  r e g i o n a l  f i l e  i s  i n  
s e q u e n t i a l  format ,  i t  t a k e s  more t h a n  t h r e e  minutes  f o r  t h e  program t o  
s e a r c h  t h e  f i l e .  T h e r e f o r e ,  s m a l l e r ,  a r e a  f i l e s  (Juneau, Yakuta t ,  
Admiral ty  I s l a n d ,  e t c . )  were c r e a t e d  and programs r e w r i t t e n  t o  g i v e  t h e  
u s e r  t h e  o p t i o n  t o  s e a r c h  t h e s e  f i l e s ,  when a p p r o p r i a t e ,  t o  s h o r t e n  t h e  
t i m e  f o r  d a t a  r e t r i e v a l .  

Many s m a l l  BASIC programs were w r i t t e n  t o  e x p e d i t e  f i l e  maintenance and 
d a t a  r e t r i e v a l .  A d d i t i o n a l l y ,  a v a r i e t y  of commercial s o f t w a r e  packages 
w e r e  reviewed f o r  p o s s i b l e  u s e  on t h e  microcomputer w i t h  t h e  s t r e a m  and 
l a k e  d a t a  f i l e s .  A l l  programs and f i l e s  were backed up t w i c e  on 
s e p a r a t e  f loppy d i s k e t t e s  and backups were always updated a f t e r  any 
r e v i s i o n s  were made t o  t h e  working f i l e s  and programs. 

2 )  TLMP Coordina t ion  

D r a f t s  of t h e  TLMP e v a l u a t i o n  r e p o r t  were reviewed and comments were 
forwarded t o  t h e  H a b i t a t  D i v i s i o n .  D r a f t s  o f  t h e  F o r e s t  Service's 
706(b) Report  Study P l a n  were reviewed, a s  w a s  t h e  Department 's  own 
s t u d y  p l a n  f o r  an independent  706(b) r e p o r t .  
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The f i s h e r i e s  s e c t i o n s  of t h e  Department 's 706 (b) r e p o r t  were t h e  
pr imary r e s p o n s i b i l i t y  of t h e  D i v i s i o n  of Spor t  F i s h ,  however, t h e  
D i v i s i o n  of Commercial F i s h e r i e s  a l s o  c o n t r i b u t e d  a p o r t i o n  of t h e  
d r a f t .  The f o u r  major s u b j e c t  a r e a s  d i s c u s s e d  i n  t h e  f i s h e r i e s  d r a f t  
were: 1 )  environmental  v a r i a b l e s  important  t o  f i s h  product ion  t h a t  are 
a f f e c t e d  by t imber  h a r v e s t  a c t i v i t i e s ,  2 )  s h o r t  term impacts  of f i s h  
p o p u l a t i o n s  from t imber  h a r v e s t ,  3)  long  t e r m  impacts  on f i s h  
p o p u l a t i o n s  from t imber  h a r v e s t ,  and 4 )  e f f e c t s  of  t i m b e r  h a r v e s t  on 
u s e r s  of f i s h  r e s o u r c e s .  

The s h o r t  and long  t e r m  impacts  on p ink  and chum salmon and t h e  e f f e c t s  
on commercial u s e r s  were w r i t t e n  by John Edgington of t h e  D i v i s i o n  of 
Commercial F i s h e r i e s  (A.D.F.& G.). S h o r t  t e r m  and long  t e r m  impacts  on 
o t h e r  salmonid s p e c i e s  were w r i t t e n  by S t e v e  E l l i o t t  of t h e  D i v i s i o n  of 
S p o r t  F i s h  (A.D.F.6 G.). The d i s c u s s i o n  of impor tan t  environmental  
v a r i a b l e s  and t h e  e f f e c t s  on r e c r e a t i o n a l  u s e r s  were w r i t t e n  by t h e  
a u t h o r .  T h i s  i n d i v i d u a l  was a l s o  r e s p o n s i b l e  f o r  r e v i s i n g  and e d i t i n g  
t h e  completed d r a f t  b e f o r e  i t  was forwarded t o  t h e  H a b i t a t  D i v i s i o n .  

FINDINGS 

1) Database:  

The d a t a  now on t h e  microcomputer r e p r e s e n t  t h e  minimal e s s e n t i a l  
i n f o r m a t i o n  on t h e  most impor tan t  s p o r t  f i s h i n g  waters i n  s o u t h e a s t  
Alaska.  In t h e  coming months, o t h e r  d a t a  sets,  such a s  s t o c k i n g  
h i s t o r i e s ,  l i m n o l o g i c a l  a n a l y s e s ,  and s p e c i e s  abundance, w i l l  be  
compiled and e n t e r e d  on t h e  computer. Many more waters w i l l  be  
inc luded .  

I t  appears  t h a t  BASIC programs w i l l  s a t i s f a c t o r i l y  a c c e s s  and o u t p u t  t h e  
k i n d s  of d a t a  most o f t e n  i n  demand by t h e  Spor t  F i s h  s t a f f .  However, 
most d a t a  f i l e s  a r e  i n  a s e q u e n t i a l  format  and program s e a r c h i n g  is  
r a t h e r  slow. A s  f i l e s  become l o n g e r ,  t h i s  may become a s i g n i f i c a n t  
problem. Random ( " d i r e c t "  r e c o r d  a c c e s s )  f i l e  formats  may o f f e r  a more 
e f f i c i e n t  method of r e t r i e v a l ,  however, t h i s  format  may n o t  be 
compatible  w i t h  d a t a  s e a r c h i n g  needs.  

B A S I C  i s  weak r e g a r d i n g  s o r t i n g .  It i s  l i k e l y  t h a t  a commercial 
d a t a b a s e  management s o f t w a r e  package w i l l  b e  purchased t h a t  h a s  
easy-to-use and powerful  s o r t i n g  c a p a b i l i t i e s .  Appendix A i n c l u d e s  an 
example of one of t h e  BASIC programs w r i t t e n  t o  access and o u t p u t  s t ream 
and l a k e  informat ion .  

2 )  TLMP Coordina t ion :  

V i r t u a l l y  a l l  e f f o r t s  r e l a t e d  t o  t h i s  a c t i v i t y  went toward d r a f t i n g  a 
r e p o r t  d e a l i n g  w i t h  t h e  e f f e c t s  of logging  on f i s h  r e s o u r c e s .  
Appendix B i s  a copy of S p o r t  F i s h ' s  working d r a f t  t h a t  was submi t ted  t o  
H a b i t a t  D i v i s i o n .  The D i v i s i o n  of S p o r t  F i s h  w i l l  review t h e  e n t i r e  
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departmental report sometime in May 1985. The report prepared by 
A.D.F.& G. was originally intended to be a technical appendix to a 
larger State of Alaska report, aimed at addressing issues that might not 
be discussed in the Forest Service’s 706(b)  report to Congress. 
However, there will be no state report and the A.D.F.& G. document will 
be treated as an information document, to be distributed upon request. 
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Appendix A .  

2 0 CLS 
20 LOCATE 831 
30 PRINT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  


40 LOCATE 12.1 
50 PRINT LAKE AND STREAM INVENTORY FROGRAM' I  t i  

60 PRINT: PRINT: PRINT 
3:) PRINT BY M.W.SCHWAN VERSION : MAY 6 , .  i s w  
8(3 PRINT "**********U*******~**********~**.~~*****~~~~**~~****~*~*~**~~*~*~**~' 
90 PRINT: PRINT 
110 PRINT " DO YOU NEED INSTRUCTIONS? ( Y  OF! N ) "  
120 PRINTEPRINT 
170 !<$=INKEY$: I F  KB="" GOTO 170 
180 I F  ASC(K$ i=89  OR ASC(K$)=121 THEN GOTO 200 
190 I F  ASC(M$)=78 OR ASC(K$)=11C! THEN GOTO 820 ELSE GOTO 17C 
200 CLS :LOCATE 0 3 1 
210 PRINT THIS  PROGRAM ACCESSES STREAM A N D  LAKE F I L E S  WHICH" I t  

2311 PRINT INCLUCtE MOST OF THE IMPORTANT SPORT FISI-!I?IG LAKES" 
230 PRINT OF SOUTHEAST ALASKA 7 INCLUEilNG YAt.(VTAT = THEY ALSO INCLVCiE!' 
240 PRINT NEARLY 400 STREAMS, MOST OF WHICH ARE tiNOWt\i TU CONTAIN" 

' I  

I '  

25ti PRINT STEELHEAD AN[) OR SPAWNING STOCKS OF SEA-R!lN ZUTTliRnAT. I f  

260 PRINT 
270 PRINT THESE F I L E S  WILL RE CONTINUALLY EXPANDED TO INCLL'EE"I t  

280 PRINT ADDITIONAL STREAMS AND LAKES. ' I  
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APPENDIX B. 
706 (b) FISHERIES DRAFT 

EFFECTS OF LOGGING ON FISH 

INTRODUCTION 


Land and water system processes that shape the character of the aquatic 
environment are complex and dynamic. The activities of man can affect 
these processes in ways that result in environmental changes that go 
beyond natural effects or result in impacts that otherwise would not 
have taken place. 

Salmonid fishes have definite freshwater habitat requirements. 
Considerable data have been collected that indicate timber harvesting 
and associated road construction activities alter many habitat variables 
critical to salmonid fishes. Certain of these impacts singularly or 
collectively produce short and long term effects on salmonid populations 
and their users. However, in Alaska, long term effects of logging on 
fish populations are still not completely understood because logging and 
related research are relatively new to the region. 

IMPORTANT ENVIRONMENTAL VARIABLES - AQUATIC HABITAT 

STREAMFLOW 


Streamflow is defined as "the amount of water flowing in a channel per 
unit time", and is only meaningful in regards to fish habitat when it is 
correlated with water velocity, depth, the amount of channel covered, 
and how the flow, at a particular time, compares to what is considered 
normal for the channel (Chamberlain, 1982). 
Streamflow can be a barrier to fish movement when the depth is too 
shallow or velocity is too high (Thompson, 1972). Obviously, when there 
is no escape from depths too shallow to maintain adequate oxygen and 
moisture for a fish, death results. 

There will be optimum streamflows for given channels that will maximize 
availability of spawning area. If flows are so low that suitable 
spawning gravel is dewatered, this is undesirable. As flow increases, 
there is a level past which velocity may be so fast as to wash away eggs 
that have been deposited in the gravel. 

Streamflow requirements of incubating salmonid eggs are mostly unknown 

because it is difficult to determine what is happening in the 

intragravel environment based on surface flows. However, it is assumed 

that to assure adequate incubation of salmonid embryos, there should be 

enough surface flow to allow emergence of fry and velocities no greater 

than that which would scour gravel from redds ("nests" where eggs have 

been deposited). 


Recommended streamflows for rearing salmonids have usually been based on 
relationships to habitat components like food or cover rather than 
directly to numbers or biomass of fish (Reiser and Bjornn, 1979). 
Density of juvenile anadromous salmonids may be regulated by the 
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abundance of food in some streams (Chapman, 1966). Food comes primarily 
from the substrate of the stream and adjacent land, and is largely 
comprised of aquatic and terrestrial insects and other invertebrates. 

Some researchers believe that water velocity is the most important 
parameter in determining the distribution of aquatic invertebrates in 
streams (Scott, 1958; Allen, 1959). The relationship between water 
depth and aquatic invertebrate production is not well understood. In 
one study, mayflies, stoneflies, and caddisflies were found in depths 
less than 0.3 meters (Kimble and Wesche, 1975). Hooper (1973) reported 
that areas of highest invertebrate production most often occurs in 
streams at depths between 0.15 and 0.9 meters if substrates and 
velocities are suitable. 

Requirements for space by juvenile salmonids in streams vary with 
species, age, and time of year and are likely related to abundance of 
food (Chapman, 1966). Standing crop of coho salmon has been shown to be 
directly related to pool volume (Nickelson and Hafele, 1978) and a 
similar relationship has been shown for chinook salmon in small streams 
(Bjornn et al., 1977). 

Streamflow is but one aspect or process of the hydrologic cycle of a 
watershed. It can be considered the output in the overall water balance 
equation: 

Inputs - Losses 2 storage = Output, 

where inputs include rain, snow, and fog drip; losses include 

evaporation from water, ground, and foliage, transpiration from plants, 

and deep seepage to ground-water tables; storage may be in surface 

depressions, the soil, in channels, or as snowpacks; and, as mentioned 

above, stream runoff is the output. The above equation deals only with 

amounts of water and not with rates of movement. 


Timber harvesting usually does not alter the total amount of rain or 
snow falling on a watershed basin (Troendle, 1980). There is one 
exception, where foliage intercepts significant quantities of fog (Harr, 
1980), which may be lost after timber harvesting. This has not been 
shown to be an important part of the water cycle in Southeast Alaska. 

Timber harvesting may, however, dramatically change the distribution of 
water and snow on the ground, the amount intercepted or evaporated by 
foliage, the rate of snow melt or evaporation from snow, the amount that 
can be stored in the soil or transpired from the soil by vegetation, and 
the physical structure of the soil, which determines the rate and routes 
of water movement to stream channels (Chamberlain, 1982). 

There is now ample documentation that stream flow generally increases 
after clearcut logging (Rowe, 1963; Rothacher, 1965, 1970, 1971; Berndt 
and Swank, 1970; Meehan et al., 1969). Streams of low discharge are 
affected more than larger streams (Riggs, 1965). 
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Clear cut areas alter wind patterns, resulting in more snow being 
trapped in them. Winds can often be more intense in forest openings, 
which will also augment snow melt. Because the soil in forest openings 
is wetter and nearer its saturation level, melt water comes out faster, 
which can result in earlier and higher peak flows (Swanson and Hillman, 
1977; Gary, 1979; Troendle, 1980) .  Whether or not increased flows from 
a logged area actually cause a change in the runoff for an entire basin 
depends on the distribution of openings in the basin, their aspect, 
elevation, and distance from stream channels. 

Removal of trees from a forest area eliminates countless leaves and 
stems that would have intercepted, stored, and reevaporated rain and 
snow. The death of tree roots also reduces the amount of water that can 
be transpired from the soil and removed from runoff. Increases in 
ground-water levels and content of water in soils also weakens soil 
strength and leads to increased rates of slope mass movements after 
timber harvesting (O'Loughlin, 1972; Swanston, 1974) .  Finally, it has 
been shown that road construction has an effect on peak streamflows 
(Gilleran, 1968; Harper, 1969; Hsieh, 1970; Harr et al., 1975). 

WATER QUALITY 


The principal water quality parameters of salmonid fish habitat that may 
be affected by timber harvest activities are temperature, dissolved 
oxygen, sediment, and nutrients (Chamberlain, 1982). 

Temperature: Salmonid fishes are cold water organisms, and have 
definite thermal requirements. Water temperature affects growth rate, 
swimming ability, functional behaviors like catching and using food, and 
resistance to disease. Temperature also affects availability of 
dissolved oxygen in water. The following table lists preferred, 
optimum, and upper lethal temperatures (degrees Celsius) of selected 
Salmonid fishes: 

PREFERRED OPTIMUM UPPER 
SPECIES TEMP. RANGE TEMP. LETHAL 

Chinook 7.3 - 14.6 12.2 25.2 

Coho 11.8 - 14.6 --- 25.8 

Chum 11.2 - 14.6 13.5 25.8 

Pink 5.6 - 14.6 10.1 25.8 

Sockeye 11.2 - 14.6 --- 24.6 

Steelhead 7.3 - 14.6 10.1 24.1 

Cutthroat 9.5 - 12.9 --- 23.0 

(Reiser and Bjornn, 1979) 
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A s  t h e  d a t a  i n  t h e  above t a b l e  show, salmonids g e n e r a l l y  p r e f e r  r a t h e r  
narrow ranges  of tempera ture .  Laboratory exper iments  i n d i c a t e  
tempera ture  can r e g u l a t e  t h e  d e n s i t y  of r e a r i n g  salmonids (Hahn, 1977).  

There a r e  upper and lower thermal  l i m i t s  f o r  s u c c e s s f u l  i n c u b a t i o n  of 
salmonid eggs.  Combs and Burrows (1957) and Combs (1965) showed t h a t  
p ink  and chinook salmon eggs can  t o l e r a t e  long p e r i o d s  of low 
tempera ture  a s  long a s  t h e  tempera ture  d u r i n g  i n i t i a l  d e p o s i t i o n  and 
e a r l y  embryogenesis i s  above 6.0" C .  Extremely c o l d  a i r  and w a t e r  can 
cause  m o r t a l i t y  on i n c u b a t i n g  eggs and a l e v i n s  ( y o l k  s a c  f r y )  by t h e  
format ion  of f r a z i l  i c e  o r  anchor i ce  t h a t  reduce w a t e r  exchange i n  t h e  
g r a v e l  (Neave, 1953; McNeil, 1966; Reiser and Bjornn,  1979) .  

Temperature of water  can a f f e c t  upstream m i g r a t i o n  of a d u l t  anadromous 
salmonids ( R e i s e r  and Bjornn,  1979) .  Abnormal s t ream tempera tures  can 
f a c i l i t a t e  d i s e a s e  o u t b r e a k s  and a c c e l e r a t e  o r  r e t a r d  r i p e n i n g  f o r  
spawning. There is  an i n v e r s e  r e l a t i o n s h i p  between tempera ture  of w a t e r  
and how much d i s s o l v e d  oxygen t h e  water  can c o n t a i n .  A s  water  warms, 
i t s  c a p a c i t y  f o r  c o n t a i n i n g  d i s s o l v e d  oxygen i s  d iminished ,  which i n  
t u r n  can l e a d  t o  hypoxia i n  salmonids.  Disso lved  oxygen w i l l  be 
d i s c u s s e d  i n  more d e t a i l  l a t e r .  

The removal of s t r e a m s i d e  v e g e t a t i o n  d u r i n g  t imber  h a r v e s t  a c t i v i t i e s  
i n c r e a s e s  s o l a r  r a d i a t i o n  t o  t h e  s t ream and r e s u l t s  i n  warmer water  
d u r i n g  t h e  summer, e s p e c i a l l y  i n  s m a l l  s t reams (Greene, 1950; Chapman, 
1962; Reinhar t  e t  a l . ,  1963; Brown and K r y g i e r ,  1967, 1970; Levno and 
Rothacher ,  1967; Gray and Edington,  1969; Meehan e t  a l . ,  1969; Meehan, 
1970; Brown e t  a l . ,  1971; Narver ,  1972; T y l e r  and Gibbons, 1973; Moring 
and L a n t z ,  1974).  The magnitude of tempera ture  change depends on t h e  
amount of t imber  h a r v e s t e d  a d j a c e n t  t o  a s t ream (Meehan e t  a l . ,  1969; 
Brown and K r y g i e r ,  1970).  

One of t h e  most d e t a i l e d  s t u d i e s  on t h e  e f f e c t s  of logging  on a 
watershed h a s  been t h e  15 y e a r  Alsea Watershed Study i n  c o a s t a l  Oregon 
(Moring, 1975) .  Three s m a l l  headwater t r i b u t a r i e s  were s t u d i e d .  One 
s t r e a m  s e r v e d  a s  a c o n t r o l  and remained unlogged, another  watershed was 
completely c l e a r c u t ,  and a t h i r d  was p a r t i a l l y  c l e a r c u t  w i t h  b u f f e r  
s t r i p s  l e f t  a long  t h e  s t ream.  Water tempera ture  ranges  and maximums 
i n c r e a s e d  i n  t h e  comple te ly  c u t  watershed  and monthly average 
tempera tures  i n c r e a s e d  over  pre- logging averages  by 12.7" C i n  June ,  
11.8" C i n  J u l y ,  and 9.3" C i n  August. Water tempera tures  i n  t h e  
comple te ly  c u t  watershed exceeded t h e  pre- logging maximum f l u c t u a t i o n  
(4.4" C) 28% of t h e  days i n  1966 and 82% of t h e  days i n  1967. 

Removal of r i p a r i a n  v e g e t a t i o n  i n  n o r t h e r n  a r e a s  may r e s u l t  i n  lower 
s t r e a m  tempera tures  d u r i n g  w i n t e r ,  i n c r e a s i n g  t h e  chances f o r  f r a z i l  and 
anchor i c e  format ion  (Chamberlain,  1982).  

Disso lved  Oxygen: There e x i s t s  a range of c o n c e n t r a t i o n s  of d i s s o l v e d  
oxygen c r i t i c a l  t o  t h e  s u r v i v a l  and development of salmonid eggs and 
embryos ( L i n d r o t h ,  1942; Hayes e t  a l . ,  1951; Wicket t ,  1954; Alderd ice  e t  
a l . ,  1958) .  Labora tory  t e s t s  w i t h  coho, chum, and chinook salmon, and 
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s t e e l h e a d  e g g s  i n d i c a t e  t h e  f o l l o w i n g  r e l a t i o n s h i p s :  s a c  f r y  from 
embryos i n c u b a t e d  i n  low and i n t e r m e d i a t e  oxygen c o n c e n t r a t i o n s  a r e  
s m a l l e r  and weaker  t h a n  s a c  f r y  r e a r e d  a t  h i g h e r  c o n c e n t r a t i o n s  ( S i l v e r  
e t  a l . ,  1963) ;  r educed  oxygen c o n c e n t r a t i o n s  l e a d  t o  s m a l l e r  newly 
h a t c h e d  f r y  and a l e n g t h e n e d  i n c u b a t i o n  p e r i o d  (Shumway e t  a l . ,  1964) ;  
and low oxygen c o n c e n t r a t i o n s  i n  t h e  e a r l y  s t a g e s  of deve lopment  may 
d e l a y  h a t c h i n g  o r  i n c r e a s e  t h e  i n c i d e n c e  of abnormal  embryos ( A l d e r d i c e  
e t  a l . ,  1958) .  

The c o n c e n t r a t i o n  of d i s s o l v e d  oxygen i n  s t r e a m s  i s  i m p o r t a n t  t o  r e a r i n g  
s a l m o n i d s .  G e n e r a l l y ,  s t r e a m  w a t e r  i s  a t  o r  n e a r  s a t u r a t i o n  l e v e l s  f o r  
oxygen,  however ,  a s  ment ioned  e a r l i e r ,  t h e  warmer t h e  w a t e r ,  t h e  l e s s  
d i s s o l v e d  oxygen t h e  w a t e r  c a n  c o n t a i n  a t  s a t u r a t i o n .  Herrniann e t  a l .  
(1962)  showed t h a t  growth  r a t e ,  food  consumpt ion  r a t e ,  and t h e  
e f f i c i e n c y  of food  u t i l i z a t i o n  of j u v e n i l e  coho salmon a l l  d e c l i n e  when 
oxygen i s  less  t h a n  6 mg/L. A l s o ,  j u v e n i l e  ch inook  salmon a v o i d  w a t e r  
w i t h  oxygen c o n c e n t r a t i o n s  n e a r  1.5 t o  4 . 5  mg/L i n  t h e  summer, b u t  r e a c t  
1.ess t o  low l eve l s  i n  t h e  f a l l  when t e m p e r a t u r e s  a r e  lower  (Whitmore e t  
a l . ,  1960) .  Swimming speed  of ra inbow t r o u t  i s  i m p a i r e d  by r educed  
oxygen l eve l s  i n  t h e  w a t e r  ( J o n e s ,  1971) .  

Reduced d i s s o l v e d  oxygen c o n c e n t r a t i o n s  c a n  a d v e r s e l y  a f f e c t  t h e  
swimming pe r fo rmance  of m i g r a t i n g  sa lmon ids  ( R e i s e r  and B j o r n n ,  1979) .  
Low d i s s o l v e d  oxygen c a n  a l s o  c a u s e  a v o i d a n c e  r e a c t i o n s  o r  c a u s e  
m i g r a t i o n  t o  s t o p  (Whitmore e t  a l . ,  1960) .  Oxygen l e v e l s  recommended 
f o r  spawning f i s h  i n c l u d e  l eve l s  a t  t h e  80% s a t u r a t i o n  l e v e l  and 
t empora ry  a b s o l u t e  levels  no lower  t h a n  5 . 0  mg/I,. 

C o n c e n t r a t i o n s  of d i s s o l v e d  oxygen may b e  r educed  i n  t h e  i n t e r g r a v e l  
s p a c e s  if f i n e  o r g a n i c  d e b r i s  accumula t e s  on and i n  s t r e a m  b e d s ,  which 
p l a c e s  a h i g h e r  b i o l o g i c a l  oxygen demand on a v a i l a b l e  s u p p l i e s .  
Resea rch  h a s  a l s o  shown t h a t  e x c e s s i v e  l o g g i n g  d e b r i s  i n  s t r e a m s  c a n  
r e d u c e  s t r e a m  v e l o c i t y  and exchange  of i n t e r g r a v e l  w a t e r .  Sometimes t h e  
c l o g g i n g  of s u r f a c e  g r a v e l s  by f i n e  s e d i m e n t s  c a n  a l s o  r e s t r i c t  
i n t e r g r a v e l  f l o w  enough t o  lower  d i s s o l v e d  oxygen c o n c e n t r a t i o n s ,  b u t  
t h i s  i s  more o f t e n  a s s o c i a t e d  w i t h  r o a d  c o n s t r u c t i o n  and l a n d  s l i d e s  
(Chamber l a in ,  1982) .  

The A l s e a  Watershed  S tudy  looked  a t  t h e  e f f e c t s  of l o g g i n g  on d i s s o l v e d  
oxygen.  The t r i b u t a r y  (Need le  Branch)  i n  t h e  w a t e r s h e d ,  c o m p l e t e l y  
c l e a r c u t ,  w i t h  no b u f f e r  s t r i p s ,  showed s h a r p  d e c l i n e s  i n  s u r f a c e  
d i s s o l v e d  oxygen l e v e l s  d u r i n g  t h e  summer of  l o g g i n g ,  when d e b r i s  was i n  
t h e  s t r e a m  bed .  A f t e r  d e b r i s  was removed and w i n t e r  r a i n s  came, s u r f a c e  
l e v e l s  of  d i s s o l v e d  oxygen r e t u r n e d  t o  p r e - l o g g i n g  l eve l s  (Moring,  
1975) .  The s t u d y  a l s o  showed t h e r e  t o  b e  a d r a m a t i c  d e c r e a s e  i n  
i n t r a g r a v e l  d i s s o l v e d  oxygen d u r i n g  t h e  w i n t e r  a f t e r  l o g g i n g .  

Sediment  Load: Suspended and d e p o s i t e d  f i n e  sed imen t  c a n  a d v e r s e l y  
a f f e c t  s a lmon id  h a b i t a t  if p r e s e n t  i n  excessive amounts .  S t r eams  w i t h  
s i l t  l o a d s  a v e r a g i n g  l e s s  t h a n  25 mg/T, c a n  b e  e x p e c t e d  t o  s u p p o r t  good 
f r e s h w a t e r  f i s h e r i e s  ( R e i s e r  and B j o r n n ,  1979) .  T h i s  assumes o t h e r  
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environmental  e lements  t o  be s u i t a b l e .  High l e v e l s  of suspended s o l i d s  
may abrade and c l o g  f i s h  g i l l s ,  reduce f e e d i n g ,  and cause  f i s h  t o  avoid 
some a r e a s  (Trautman, 1933; Pautzke ,  1938; Smith,  1939; Kemp, 1949; 
Wallen, 1951; Cooper, 1956; Bachman, 1958; Cordone and K e l l e y ,  1961) .  
McNeil and Ahnel l  (1964) determined t h a t  h i g h l y  p r o d u c t i v e  spawning 
s t reams have g r a v e l s  w i t h  h igh  p e r m e a b i l i t y .  P e r m e a b i l i t y  i s  h igh  when 
bottom m a t e r i a l s  have less t h a n  5% sands  and s i l t s  and i s  low when f i n e  
sed iments  make up more t h a n  15% of t h e  bottom m a t e r i a l .  

S u c c e s s f u l  f r y  emergence i s  impaired by e x c e s s i v e  amounts of sand and 
s i l t  i n  t h e  g r a v e l .  Koski (1966) examined r e d d s  where eggs had 
developed normally b u t  t h e  ha tched  f r y  were unable  t o  emerge because of 
sediment .  P h i l l i p s  e t  a l .  (1975) found an i n v e r s e  r e l a t i o n  between 
q u a n t i t y  of f i n e  sediments  and f r y  emergence. 

Suspended sediment d i r e c t l y  a f f e c t s  r e a r i n g  salmonids.  Long term 
exposure of coho salmon and s t e e l h e a d  t o  suspended sediment (11-14 days 
a t  23-84 NTU's) r e s u l t s  i n  lower growth r a t e s  and g r e a t e r  e m i g r a t i o n  
from t e s t  channels  ( S i g l e r  e t  a l . ,  1984) .  Observa t ions  of t r o u t  i n  t h e  
w i l d  i n d i c a t e  t h a t  f i s h  c e a s e  f e e d i n g  a t  35 mg/L suspended sediment 
(Bachman, 1958) o r  reduce t h e i r  f e e d i n g  r a t e  (Bachman, 1984) .  Decrease 
i n  f e e d i n g  r a t e s  may be r e s p o n s i b l e  f o r  low growth r a t e s  of sa lmonids ,  
a s  observed by S i g l e r  e t  a l .  (1984).  Suspended sediment can f i l l  i n  t h e  
i n t e r s t i c e s  o f ,  o r  completely c o v e r ,  s t ream g r a v e l s ,  and where g r a v e l s  
a r e  used a s  cover  by j u v e n i l e s ,  s u i t a b l e  f o r a g i n g  s i t e s  and r e f u g e  s i t e s  
may b e  l o s t .  This  h a s  been shown t o  reduce t h e  r a t e  of product ion  i n  
coho (Crouse e t  a l . ,  1981) o r  cause  e m i g r a t i o n  of s t e e l h e a d  and chinook 
(Bjornn e t  a l . ,  1977).  

Suspended sediment i n  s t r e a m s  is  i n c r e a s e d  from a c c e l e r a t e d  s u r f a c e  
e r o s i o n  o r  s l o p e  mass movements, b o t h  of which may r e s u l t  from t imber  
h a r v e s t  and road c o n s t r u c t i o n  a c t i v i t i e s .  The Alsea Study showed t h e r e  
was an i n c r e a s e  i n  suspended sediments  from 293.8 t o  451.0 metr ic  t o n s  
p e r  y e a r  i n  Deer Creek ( t h e  watershed w i t h  pa tchy  c l e a r c u t s  and b u f f e r  
s t r i p s )  f o l l o w i n g  road c o n s t r u c t i o n .  There was an i n c r e a s e  from 39.5 t o  
120.6 metric t o n s  p e r  y e a r  (205.0% i n c r e a s e )  i n  suspended sediments  i n  
Needle Branch ( t h e  watershed comple te ly  c l e a r c u t ) .  These a r e  
s i g n i f i c a n t  changes (95% conf idence  l e v e l ) .  Sediment d i s c h a r g e  
i n c r e a s e d  by only  0.1% i n  Flynn Creek ( c o n t r o l  c r e e k )  d u r i n g  t h e  same 
t i m e  p e r i o d .  

N u t r i e n t  Cycl ing:  There i s  v e r y  l i m i t e d  i n f o r m a t i o n  r e g a r d i n g  n u t r i e n t  
c y c l i n g  i n  a q u a t i c  h a b i t a t s  and even less p e r t a i n i n g  t o  t h e  
r e l a t i o n s h i p s  of n u t r i e n t  c y c l i n g  t o  f i s h  p r o d u c t i o n .  

There i s  ev idence  t h a t  t h e r e  can b e  dramat ic  i n c r e a s e s  i n  l e v e l s  of 
n i t r a t e ,  phosphate ,  and o r g a n i c  carbon i n  s t r e a m s  a f t e r  nearby logging  
and s l a s h  burn ing ,  however, t h e r e  i s  no evidence t h a t  t h i s  h a s  a 
d e l e t e r i o u s  e f f e c t  on f i s h .  I f  n u t r i e n t  enr ichment  r e s u l t s  i n  a l g a l  
blooms, a l g a e  could c l o g  i n t e r s t i t i a l  space  i n  g r a v e l ,  which could be 
d e t r i m e n t a l  t o  f i s h  p r o d u c t i o n  (Chamberlain,  1982).  
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PHYSICAL HABITAT FEATURES 

S t ream banks :  S t r eam bank a r e a s  p r o v i d e  lower  w a t e r  v e l o c i t i e s  compared 
t o  main s t r e a m  c u r r e n t s .  Undercut  b a n k s ,  ove rhang ing  r o o t  complexes ,  
v e g e t a t i o n ,  and s t a b l e  d e b r i s  p r o v i d e  shade  and p r o t e c t i o n  from 
p r e d a t o r s .  Root ne tworks  c o n t r i b u t e  t o  s t r e a m  bank  s t a b i l i t y  and 
minimize  bank  e r o s i o n  d u r i n g  h i g h  w a t e r  f l o w s  (Chamber l a in ,  1982) .  

S t r eam b a n k s ,  more t h a n  any o t h e r  h a b i t a t  component ,  a r e  s u s c e p t i b l e  t o  
d i r e c t  e f f e c t s  f rom l o g g i n g  a c t i v i t y .  F e l l i n g  t r e e s  a c r o s s  s t r e a m s ,  
y a r d i n g  t rees  t h r o u g h  o r  a c r o s s  s t r e a m s ,  o p e r a t i n g  heavy machinery  
a d j a c e n t  t o  s t r e a m s ,  and removing v e g e t a t i o n  which  h a s  r o o t s  t h a t  
s t r e n g t h e n  s t r e a m  bank s o i l  s t r u c t u r e ,  a l l  c a n  p o t e n t i a l l y  d r a s t i c a l l y  
a f f e c t  t h e  i n t e g r i t y  of s t r e a m  banks .  Water  t a b l e  i n c r e a s e s  i n  r i p a r i a n  
z o n e s  a l s o  weaken s t r e a m  bank s t r u c t u r e  (Chamber la in ,  1982) .  

R i p a r i a n  V e g e t a t i o n :  P l a n t s  l i v i n g  a d j a c e n t  t o  s t r e a m s ,  a s  ment ioned  
above ,  h e l p  m a i n t a i n  s t r e a m  bank i n t e g r i t y ,  which i n  t u r n  p r o v i d e s  
c o n t i n u e d  s h e l t e r  f o r  r e a r i n g  and spawning anadromous s a l m o n i d s .  
R i p a r i a n  v e g e t a t i o n  a l s o  d i r e c t l y  p r o v i d e s  ove rhead  c o v e r  and p r o t e c t i o n  
f o r  f i s h .  C e r t a i n  anadromous s a l m o n i d s ,  l i k e  ch inook  sa lmon and 
s t e e l h e a d  t r o u t  e n t e r  f r e s h w a t e r  months b e f o r e  t h e y  spawn, and c o v e r  i s  
e s s e n t i a l  f o r  f i s h  w a i t i n g  t o  spawn ( R e i s e r  and B j o r n n ,  1979) .  N e a r n e s s  
of c o v e r  t o  spawning a r e a s  may b e  a f a c t o r  i n  t h e  s e l e c t i o n  of  spawning 
s i t e s  by some s p e c i e s  ( Johnson  e t  a l . ,  1966; Reiser and Wesche, 1977) .  

Cover  i s  e x t r e m e l y  i m p o r t a n t  t o  r e a r i n g  s a l m o n i d s ,  b e c a u s e  t h i s  i s  when 
t h e y  a r e  v e r y  v u l n e r a b l e  t o  p r e d a t i o n  by o t h e r  f i s h ,  b i r d s  and mammals. 
Overhead c o v e r ,  a s  p r o v i d e d  by r i p a r i a n  v e g e t a t i o n ,  i s  u s e d  by most 
s a l m o n i d s  (Newman, 1956;  Wickham, 1967; B u t l e r  and Hawthorne,  1968; 
B a l d e s  and V i n c e n t ,  1969;  B j o r n n ,  1969; Chapman and B j o r n n ,  1969;  L e w i s ,  
1969) .  

Not o n l y  d o e s  s t r e a m s i d e  v e g e t a t i o n  p r o v i d e  c o v e r  and m a i n t a i n  s t r e a m  
bank i n t e g r i t y  and s t a b i l i t y ,  i t  a l s o  p r o v i d e s  shade  which  i s  i m p o r t a n t  
i n  m a i n t a i n i n g  c o o l  w a t e r ,  a s  d i s c u s s e d  e a r l i e r .  T h i s  a p p e a r s  t o  be  
i m p o r t a n t  n o t  j u s t  i n  t e m p e r a t e  zones  b u t  i n  S o u t h e a s t  A laska  a s  w e l l  
(Meehan, 1970) .  

P l a n t  d e t r i t u s  (dead  m a t t e r )  t h a t  f a l l s  i n t o  s t r e a m s  f rom s t r e a m s i d e  
v e g e t a t i o n  may b e  an i m p o r t a n t  s o u r c e  of  food  t o  a q u a t i c  i n v e r t e b r a t e s ,  
which  i n  t u r n  a r e  s o u r c e s  of food  f o r  f i s h .  T e r r e s t r i a l  i n s e c t s  and 
o t h e r  i n v e r t e b r a t e s  t h a t  f a l l  i n t o  s t r e a m s  from nea rby  p l a n t s  a l s o  a r e  
e a t e n  by f i s h .  S e k u l i c h  and B j o r n n  (1977) found t h a t  t e r r e s t r i a l  
i n s e c t s  a r e  second o n l y  t o  c h i r o n o m i d s  (midge f l y  l a r v a e )  i n  i m p o r t a n c e  
a s  food  f o r  j u v e n i l e  anadromous s a l m o n i d s  i n  t h e  s t r e a m s  t h e y  s t u d i e d .  
I n  S o u t h e a s t  A l a s k a ,  r e a r i n g  anadromous s a l m o n i d s  f e e d  h e a v i l y  on 
i n v e r t e b r a t e s  t h a t  e i t h e r  f a l l  f rom r i p a r i a n  v e g e t a t i o n ,  o r  e l s e  l i v e  
i n  t h e  s t r e a m s  b u t  o b t a i n  e n e r g y  f rom r i p a r i a n  p l a n t  d e t r i t u s  (Schmidt  
and Robards ,  1974;  Schmidt ,  1975;  Schmidt ,  1976) .  
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F i n a l l y ,  l a r g e  p l a n t s  l i k e  s p r u c e ,  hemlock, and cottonwood p r o v i d e  
s o u r c e s  of l a r g e  o r g a n i c  d e b r i s  (LOD) when they  f a l l  i n t o  s t r e a m s  a f t e r  
d e a t h ,  when wind blows t rees  o v e r ,  o r  when c u r r e n t s  c u t  banks and 
undermine t h e s e  l a r g e  t rees .  These downed trees,  which have a s t r e a m  
l i f e  y e t  t o  be a c c u r a t e l y  de t e rmined ,  c r e a t e  w a t e r  v e l o c i t y  b a r r i e r s ,  
plunge p o o l s ,  and p r o v i d e  cove r  f o r  r e a r i n g  and spawning anadromous 
salmonids.  LOD a p p e a r s  t o  have a s i g n i f i c a n t  r o l e  i n  t h e  e v o l u t i o n  and 
maintenance of s t r e a m  h a b i t a t  d i v e r s i t y .  

B a r r i e r s :  Permanent b l o c k s  t o  f i s h  movements, l i k e  l a r g e  w a t e r f a l l s ,  
have always been a s i g n i f i c a n t  f a c t o r  i n  shap ing  t h e  d i s t r i b u t i o n  of 
anadromous salmonids i n  a s t r e a m  system. Man h a s  o f t e n  a t t empted  t o  
open up new h a b i t a t  f o r  anadromous f i s h  by d e v i s i n g  ways t o  g e t  f i s h  
above insurmountable  w a t e r f a l l s .  O the r  n a t u r a l  b a r r i e r s  t o  upstream 
m i g r a n t s  may i n c l u d e  e x c e s s i v e  w a t e r  v e l o c i t i e s ,  d e b r i s  jams,  low w a t e r  
f l o w s ,  e x c e s s i v e  w a t e r  t e m p e r a t u r e s ,  and p o l l u t i o n .  A l l  of t h e s e  a r e  of 
a more temporary n a t u r e ,  w i t h  t h e  p o s s i b l e  e x c e p t i o n  of l a r g e  d e b r i s  
jams,  and a l l  can a l s o  be  t h e  r e s u l t  of t h e  a c t i v i t i e s  of man. 

D e b r i s  jams,  whether  n a t u r a l  o r  caused by human a c t i v i t i e s ,  can p r e v e n t  
o r  d e l a y  upstream m i g r a t i o n .  One s t u d y  showed t h e r e  was a 75% d e c r e a s e  
i n  spawning salmon i n  a s t r e a m  because of d e b r i s  blockage (Chapman, 
1962) .  E l l i o t t  ( i n  p r e s s )  a l s o  found t h a t  removal of l o g g i n g  d e b r i s  
improved a c c e s s  t o  a d u l t  p i n k  salmon and p rov ided  new spawning h a b i t a t .  
However, i t  i s  impor t an t  t o  remember t h a t  l a r g e  o r g a n i c  d e b r i s  (LOD) i s  
an impor t an t  h a b i t a t  f e a t u r e  and i s  b e n e f i c i a l  t o  f i s h .  A l l  d e b r i s  jams 
shou ld  be e v a l u a t e d  b e f o r e  they  a r e  removed ( R e i s e r  and Bjornn,  1979; 
Bryan t ,  1983).  

With t h e  e x c e p t i o n  of d e b r i s  jams,  t h e  c r e a t i o n  o r  e l i m i n a t i o n  of 
m i g r a t i o n  b a r r i e r s  i s  more o f t e n  a s s o c i a t e d  w i t h  e n g i n e e r i n g  p r o j e c t s  
accompanying t imber  h a r v e s t  r a t h e r  t h a n  t h e  c u t t i n g  and y a r d i n g  of t r e e s  
(Chamberlain,  1982).  

One of t h e  g r e a t e s t  h a z a r d s  a s s o c i a t e d  w i t h  logg ing  t o  anadromous 
salmonids i s  t h e  improper placement of c u l v e r t s  where l o g g i n g  roads  
c ros s  s t r e a m s .  Road culver ts  can  r e s t r i c t  upstream a c c e s s  f o r  f i s h  by 
c r e a t i n g  o u t f a l l  b a r r i e r s  ( w a t e r f a l l s ) ,  hav ing  e x c e s s i v e  w a t e r  v e l o c i t y  
i n  t h e  c u l v e r t ,  no t  hav ing  s u f f i c i e n t  w a t e r  i n  t h e  c u l v e r t ,  l a c k i n g  
r e s t i n g  p o o l s  below t h e  c u l v e r t ,  o r  hav ing  any combinat ion of t h e  above 
c o n d i t i o n s  (Yee and R o e l o f s ,  1980). I n  a d d i t i o n  t o  improper c u l v e r t  
placement ,  h i l l s i d e  l o g g i n g  d e b r i s  can ,  ove r  t i m e ,  c o l l e c t  a t  t h e  heads 
of c u l v e r t s ,  c a u s i n g  f i s h  b l o c k s  (Chamberlain,  1982).  
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SHORT TERM EFFECTS ON FISH 


CHANGES IN WATER QUALITY 


TEPiPERATURE 

The effects of clearcutting on stream temperature is well documented; 
temperature increases with the amount of stream exposed to sunlight. In 
Southeast Alaska, Meehan et al. (1969) found that temperature increased 
after logging of the Harris and Maybeso Rivers, but that temperatures 
did not reach levels lethal to juvenile salmonids. Rearing salmonids 
are cold water adapted fish and even sub-lethal temperatures can affect 
their growth and behavior. Salmonids cease growth at 20.3" C because of 
increased metabolic activity at higher temperatures This is because 
energy from food is used to drive high metabolic rates and little 
remains for growth. Growth rates of chinook parr increase as 
temperature increases from 10.0" C to 15.7" C ;  growth rates then 
decrease with increasing temperature (Burrows in Reiser and Bjornn, 
1979) .  A similar relation for brook trout has been shown. Growth rate 
increases as temperature increases from 9.1" to 13.1" C and there is a 
decrease in growth rate after temperature exceeds 17.1" C. At 17.1" C, 
brook trout cease feeding and at 21.2"  C eat only 0.85% of their body 
weight per day (Baldwin, 1956). 

Temperature may also regulate the density of salmonids. Hahn (1977) 
found twice as many steelhead fry in stream channels at 13.5" C than in 
a channel at 18.5" C and that fry density at 8.5" C was double that at 
13.5" C. Stream temperatures in Southeast Alaska frequently exceed 
these levels during the months of J u l y  and August. Meehan et al. (1969) 
observed that maximum temperatures in logged streams exceed those of 
unlogged control streams by about 5' C. Thus, it can be concluded that, 
in streams that have been logged, there will be extended periods of high 
temperature which may affect feeding, growth rate, and the density of 
juvenile salmonids more than would occur i n  forested streams. 

High summer air temperature has been associated with adult salmon 
mortality. The Alaska Department of Fish and Game compiled a list of 43 
streams that had mortality of pink and chum salmon in 1977 associated 
with high water temperature and low flow. The largest clear cut in 
Alaska is located within the watershed of Staney Creek. In 1979, 15,000 
pink salmon died there before spawning, a result of warm water and low 
oxygen. In an effort to help cool Staney Creek, the USFS planted 
cottonwood trees along the stream to provide shade. Murphy (in press) 
has shown that mortality of adult salmon was, in one instance, primarily 
due to low water rather than warm water. Fish got stranded in pools 
when the water level became low and then they depleted the oxygen in the 
water. High temperature can exacerbate the problem because warmer water 
contains less oxygen at saturation. Still, Murphy's account documents a 
situation where suffocation was the cause of mortality, rather than 
thermal shock. 
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Hartman e t  a l .  (1982) d i s c o v e r e d  t h a t  w i n t e r  w a t e r  t e m p e r a t u r e s  were 
h i g h e r  a f t e r  l ogg ing  of Carna t ion  Creek,  a l though  they  concluded t h a t  
w a t e r  t e m p e r a t u r e s  were p r i m a r i l y  dependent on a i r  t e m p e r a t u r e s  and 
g e n e r a l  l o c a l  c l i m a t e .  However, t hey  s p e c u l a t e d  t h a t ,  a f t e r  l o g g i n g ,  
more s o i l  i s  exposed t o  s o l a r  r a d i a t i o n  and t h e  watershed may a c t  a s  a 
h e a t  s i n k  t o  c a p t u r e  and s t o r e  h e a t .  T h i s  s t o r e d  h e a t  i s  t r a n s f e r r e d  t o  
ground w a t e r  and t o  s t r e a m s .  

I n c r e a s e d  w i n t e r  s t r e a m  t e m p e r a t u r e s  appear  t o  have a c c e l e r a t e d  t h e  r a t e  
of development of coho salmon embryos i n  t h e  g r a v e l ,  f o r  t hey  emerged up 
t o  s i x  weeks e a r l i e r  t h a n  normal a f t e r  l ogg ing .  E a r l y  emergence, 
however, occu r red  a t  a t i m e  when f l o o d s  were common and many f r y  were 
swept o u t  t o  s e a ,  r a i s i n g  t h e  concern t h a t  u n d e r - u t i l i z a t i o n  of h a b i t a t  
cou ld  r e s u l t  ( S c r i v e n e r  and Andersen, 1984) .  Those f i s h  t h a t  escaped 
f l o o d s  expe r i enced  a l o n g e r  growing season  and were l a r g e r  by t h e  end of 
t h e  f i r s t  y e a r .  It  is  presumed t h a t  t empera tu re  regimes r e t u r n  t o  
normal l e v e l s  a f t e r  regrowth of v e g e t a t i o n  o c c u r s  i n  t h e  watershed.  

Sediment Loads 

C l e a r  c u t t i n g  p r a c t i c e s ,  c o n s t r u c t i o n  of l o g g i n g  r o a d s ,  and r e s u l t a n t  
l and  s l i d e s  have caused sediment  t o  wash i n t o  salmon s t r e a m s  (She r idan  
and McNeil, 1968; Novak, 1975; Cordone and K e l l y ,  1961).  S t u d i e s  
conducted i n  S o u t h e a s t  Alaska on t h e  e f f e c t s  of s e d i m e n t a t i o n  on salmon, 
have focused on sediment p a r t i c l e s  w i t h  d i a m e t e r s  of 0.833 mm o r  s m a l l e r  
a s  t h o s e  most l i k e l y  r educ ing  g r a v e l  p e r m e a b i l i t y .  A s i g n i f i c a n t  
p e r c e n t a g e  i n c r e a s e  i n  t h i s  s i z e  range of sediment was noted i n  t h e  
H a r r i s  R ive r  by She r idan  and M c N e i l  (1968) and i n  108 Creek by Novak 
(1975) f o l l o w i n g  logg ing .  However, r e s u l t s  from t h e s e  e a r l y  s t u d i e s  
were i n c o n c l u s i v e  r e g a r d i n g  e f f e c t s  on salmon numbers because  of t h e  
v a r i a t i o n  i n  escapement management ( P e l l a  and Myren, 1974; S h e r i d a n ,  
1982) .  

She r idan  (1982) recommends assessment  of numbers of spawners ,  egg 
d e p o s i t i o n ,  number of pre-emergent f r y ,  sediment l e v e l s  i n  t h e  g r a v e l s  
i n  s e l e c t e d  p o r t i o n s  of t h e  s t r e a m ,  and e v a l u a t i o n  of t h e  e f f e c t s  of 
c l i m a t i c  v a r i a b i l i t y  on embryo s u r v i v a l  t o  a s s e s s  t h e  impact of l ogg ing .  
The e a r l y  methods of sampling g r a v e l  f o r  sediment compos i t ion ,  measured 
maximum p e r c e n t a g e s  of p a r t i c l e s  less  t h a n  0.833 mm d i a m e t e r ,  a t  about  
19.0 p e r c e n t  by v o l u m e t r i c  a n a l y s i s  (She r idan ,  1982) and 13.0 p e r c e n t  by 
g r a v i m e t r i c  a n a l y s i s  f o r  o l d  growth f o r e s t  c o n d i t i o n s  (Edgington,  1982) .  

C u r r e n t  methods of sampling g r a v e l  u s e  t h e  s i n g l e  o r  t r i p l e  f r e e z e  c o r e  
t e c h n i q u e  ( E v e r e s t  e t  a l . ,  1981) which were developed t o  r educe  sample 
s i z e  v a r i a t i o n .  The F o r e s t r y  Sc ience  Labora to ry  i n  Juneau h a s  s t u d i e s  
i n  p r o g r e s s  des igned  t o  measure s e a s o n a l  changes i n  g r a v e l  s u b s t r a t e  of 
p i n k  salmon spawning s t r e a m s  and t o  f u r t h e r  unde r s t and  t h e  r e l a t i o n s h i p  
of f i n e  sediment  and emergence of f r y .  Also i n  t h e  f i n a l  s t a g e s  of 
t e s t i n g  by t h e  l a b o r a t o r y  i s  an i n s t r u m e n t  t h a t  w i l l  b e  a b l e  t o  measure 
i n t e r g r a v e l  water flow. T h i s  w i l l  g r e a t l y  enhance e f f i c i e n c y  of t h e  
s t u d y  of s u r v i v a l  of f r y  i n  t h e  g r a v e l  by p r o v i d i n g  measurements of t h e  
most impor t an t  s i n g l e  p h y s i c a l  pa rame te r  of t h e  g r a v e l  environment 
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(Meehan, 1984) .  The unde r s t and ing  of s t r e a m  s e d i m e n t a t i o n  dynamics i n  
salmon s t r e a m s  i s  i n c r e a s i n g ,  b u t  i s  no t  a t  a l e v e l  t o  a d d r e s s  " t r a d e -  
o f f "  d i s c u s s i o n s  i n  f i s h  - f o r e s t  management. S t r i n g e n t  g u i d e l i n e s  
gove rn ing  logg ing  p r a c t i c e s  a r e  needed t o  minimize a d d i t i o n  of s ed imen t s  
i n t o  s t r e a m s  (She r idan  e t  a l . ,  1982) .  

Cederholm e t  a l .  (1981) showed t h a t  cumula t ive  s e d i m e n t a t i o n  from 
l o g g i n g  r o a d s  s i g n i f i c a n t l y  r educes  t h e  s u r v i v a l  of coho salmon eggs  and 
a l e v i n s  ( s a c  f r y  i n  t h e  g r a v e l )  ( C l e a r w a t e r ,  Washington).  Where egg 
s u r v i v a l  i s  b e i n g  impaired b o t h  Cederholm (1981) and McNeil (1980) 
recommend i n c r e a s e d  escapement t o  o f f  s e t  t h e  a f f e c t  of lowered 
p r o d u c t i o n .  Contemporary d a t a  from t h e  C a r n a t i o n  Creek s t u d y  (Vancouver 
I s . ,  B.C.) showed t h a t  a s i g n i f i c a n t  r e d u c t i o n  i n  t h e  s u r v i v a l  of chum 
and coho from egg t o  emergent f r y  occur red  due t o  f i n e s  s e t t l i n g  i n  t h e  
t o p  s t r a t a  of g r a v e l  spawning beds  a f t e r  l ogg ing  commenced ( S c r i v e n e r  
and Brownlee, 1981) .  The C a r n a t i o n  Creek s t u d y  a l s o  showed r e s u l t s  t h a t  
i n d i c a t e d  t h a t  f i n e s  w i l l  s h i f t  o u t  of g r a v e l s  by l a r g e  f r e s h e t  f l ows  
when t h e  sou rce  of sediment  was a r r e s t e d ,  however, f i n e s  l e s s  t han  0.297 
mm d i d  p e r s i s t  i n  t h e  g r a v e l  f o r  more t h a n  a y e a r .  

Impacts  of s e d i m e n t a t i o n  on t h e  s u r v i v a l  of p i n k  salmon, o t h e r  t han  
d i r e c t l y  r e l a t e d  t o  l o g g i n g ,  a r e  documented i n  t h e  l i t e r a t u r e  f o r  
S o u t h e a s t  Alaska.  Benda (1983) showed t h a t  d u r i n g  road c o n s t r u c t i o n  
t h e r e  was an 11.5% i n c r e a s e  i n  sediment p a r t i c l e s  less t h a n  4.0 mm 
d i a m e t e r  and a s i g n i f i c a n t l y  lowered mean s u r v i v a l  of p i n k  salmon a l e v i n  
r e s u l t i n g  from a 2,300 m rock  and overburden s l i d e  i n t o  a t r i b u t a r y  of 
t h e  Blossom Rive r .  O f t e n t i m e s ,  t h e  rock  s o u r c e  f o r  a road is l o c a t e d  
above a s t r e a m  on an a d j a c e n t  mountain s l o p e .  I n  many c a s e s  f i n e  
powdered rock  from t h e  p i t  e n t e r s  t h e  s t r e a m  v i a  ove r l and  washing and 
becomes a c h r o n i c  po in t - sou rce  of s e d i m e n t a t i o n  (Edgington,  1976) .  
D e b r i s  ava lanches  a r e  n a t u r a l  e v e n t s  i n  t h e  r e l a t i v e  young s o i l s  of 
S o u t h e a s t  Alaska and t h e  c o n d i t i o n s  t h a t  t r i g g e r  such mass w a s t i n g  a r e  
f a i r l y  w e l l  unde r s tood  (Swanston, 1970) .  However, road b u i l d i n g  under 
mountain s l o p e s  and r a i n f a l l  c o n d i t i o n s  conducive t o  ava lanch ing  caused 
two major l a n d  s l i d e s  on Bear Creek (Mitkof I s l a n d )  i n  1976. These 
s l i d e s  covered a t o t a l  of 7 and 13 a c r e s ,  dammed t h e  s t r e a m  and c o s t  i n  
e x c e s s  of $29,000 t o  r e h a b i l i t a t e  (Edgington,  1977) .  Bishop and S tevens  
(1964) noted an i n c r e a s e  i n  t h e  r a t e  of l a n d s l i d e s  t o  more t h a n  
f o u r - f o l d  i n  t h e  Maybeso Creek v a l l e y  a f t e r  l ogg ing .  

Occurences and e x t e n t  of damage of l a n d s l i d e s ,  o r  road b u i l d i n g  e f f e c t s ,  
i s  undocumented e i t h e r  by t h e  S t a t e  of Alaska o r  t h e  USFS th rough  a 
mon i to r ing  program. A r e p o r t i n g  mechanism shou ld  be  a c t i v a t e d  th rough  
t h e  USFS t o  t r a c k  s o u r c e s  and e x t e n t  of l a n d  d i s t u r b a n c e s  r e l a t i n g  t o  
salmon s t r e a m s .  

The USFS documented a l o g g i n g  c o n t r a c t  v i o l a t i o n  t h a t  a lmost  comple t e ly  
e l i m i n a t e d  t h e  odd y e a r  p i n k  salmon c y c l e  i n t o  Bayhead Creek,  F reshwa te r  
Bay, i n  1964. The Alaska Department of F i s h  and Game no ted  v i r t u a l l y  no 
r e t u r n  of  a d u l t s  i n  1965 and 1967 t o  Bayhead Creek,  whereas ,  i n  1966 and 
1968 ( t h e  even y e a r  c y c l e )  s e v e r a l  thousand spawners r e t u r n e d  t o  t h e  
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c r e e k .  The l o g g i n g  v i o l a t i o n ,  i n  t h i s  i n s t a n c e ,  was logg ing  i n  and 
through t h e  s t r eam,  c r e a t i n g  massive s i l t a t i o n .  A s i m i l a r  c o n t r a c t  
v i o l a t i o n  occur red  i n  Saginaw Creek,  Saginaw Bay, i n  1965. 

Most problems w i t h  s e d i m e n t a t i o n  a r e  caused by c a t a s t r o p h i c  i n c i d e n t s  
such a s  l a n d s l i d e s  o r  road f a i l u r e  caused by human e r r o r ,  poor l a y o u t  
d e s i g n ,  o r  from a c t i v i t i e s  i n  v i o l a t i o n  of s t a n d a r d  p r a c t i c e s .  These 
e v e n t s  a r e  p r e v e n t a b l e  and uncommon, b u t  u n f o r t u n a t e l y ,  sometimes s t i l l  
occur  and a r e  q u i t e  d e s t r u c t i v e .  

Logging S l a s h  and D e b r i s  D e p o s i t i o n  

C l e a r c u t t i n g  t o  o r  a c r o s s  s m a l l  s t r e a m s  f r e q u e n t l y  d e p o s i t s  l a r g e  
q u a n t i t i e s  of woody d e b r i s ,  such a s  l imbs ,  b o l e s ,  and non-merchantable 
t i m b e r ,  i n  s t r e a m  channe l s .  Logging d e b r i s  i s  g e n e r a l l y  s m a l l e r  and 
accumula t ions  more dense t h a n  n a t u r a l l y  o c c u r r i n g  d e b r i s .  Bryant  (1983) 
showed t h a t ,  on P r i n c e  of Wales I s l a n d ,  l o g g i n g  can  produce a s  much a s  
seven  times t h e  amount of d e b r i s  o c c u r r i n g  i n  unlogged s t r e a m s .  

H a l l  and Baker (1975) summarized b e n e f i c i a l  and adve r se  e f f e c t s  of 
o r g a n i c  d e b r i s  on f i s h  h a b i t a t s .  Most adve r se  e f f e c t s  a r i s e  from w a t e r  
q u a l i t y  impacts .  Accumulations of d e b r i s  i n c r e a s e  b i o l o g i c a l  oxygen 
demand (BOD) and heavy accumula t ions  of f i n e  o r g a n i c  m a t e r i a l  and 
d e c r e a s e s  i n s t r e a m  and i n t r a g r a v e l  oxygen ( H a l l  and Lan tz  , 1969; Ber ry ,  
1974; Ponce, 1974) .  T h i s  m a t e r i a l  can a l s o  c o n t r i b u t e  t o x i c  
l e a c h a t e s  (Buchanan e t  a l . ,  1976).  Water-soluble  l e a c h a t e s  of w e s t e r n  
r e d  c e d a r  (Thuga p l i c a t a )  a r e  t o x i c  t o  j u v e n i l e  coho salmon a t  0 .33 mg/L 
f o r  f o l i a g e  t e r p e n e s  and 2.7 mg/L f o r  t r o p o l o n e s  ( P e t e r s  e t  a l .  , 1976) .  
N e i t h e r  BOD problems nor  t o x i c  c o n c e n t r a t i o n s  from d e b r i s  d e p o s i t i o n  
have been documented i n  t h e  f i e l d  i n  S o u t h e a s t  Alaska.  

Removal of l o g g i n g  r e s i d u e  from s t r e a m s  i s  a common p r a c t i c e  and h a s  
been conducted on many s t r e a m s  i n  S o u t h e a s t  Alaska,  b u t  w i t h  v i r tua1 l .y  
no e v a l u a t i o n  of i t s  e f f e c t s  on f i s h  o r  o t h e r  b i o t a .  C a r d i n a l  (1980) 
and D o l l o f f  (1983) found t h a t  j u v e n i l e  Do l ly  Varden and coho salmon a r e  
b o t h  h i g h l y  a s s o c i a t e d  w i t h  l o g g i n g  d e b r i s ,  and t h a t  d e n s i t i e s  i n  
l i t t e r e d  s t r e a m s  a r e  s i m i l a r  t o  t h a t  of b o t h  s p e c i e s  i n  p r i s t i n e  
s t r e a m s .  Furthermore,  C a r d i n a l  (1980) p r e d i c t e d  t h a t  removal of l o g g i n g  
d e b r i s  would have a d e t r i m e n t a l  e f f e c t  on abundance of r e a r i n g  
sa lmon ids .  E l l i o t t  (unpub l i shed)  found t h a t  removal of l o g g i n g  d e b r i s  
can  cause  an 80% r e d u c t i o n  i n  t h e  abundance of j u v e n i l e  Do l ly  Varden, a 
temporary r e d u c t i o n  i n  ben thos  numbers, and may c a u s e  a long-term 
d e s t a b i l i z a t i o n  of t h e  c h a r  p o p u l a t i o n .  Bryant  (1983) summarized t h e s e  
and o t h e r  f i n d i n g s  and developed c o n c i s e  g u i d e l i n e s  f o r  c o n d i t i o n s  under  
which d e b r i s  i s  t o  be  removed, g o a l s  of d e b r i s  removal,  and p r o c e d u r e s  
f o r  removal. 

CHANGES I N  THE PHYSICAL STRUCTURE OF THE HABITAT 

Stream h a b i t a t  p r o v i d e s  two impor t an t  f u n c t i o n s  t h a t  a r e  d i r e c t l y  
r e l a t e d  t o  t h e  c a r r y i n g  c a p a c i t y  of s t r e a m  sa lmon ids ;  1) h a b i t a t  
p r o v i d e s  f o r a g i n g  s i tes  where f i s h  r e s i d e  i n  low v e l o c i t y  "pockets"  from 
which they  venture  o u t  t o  perform v a r i o u s  f u n c t i o n s  and 2 )  p r o v i d e s  
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r e f u g e  h a b i t a t  where they  s e e k  concealment when d i s t u r b e d  (Bachman, 
1984) .  H a b i t a t  r equ i r emen t s  change w i t h  age ,  s i z e ,  and season  (Bachman, 
1982; 1984) .  D e c l i n i n g  w a t e r  t empera tu res  d u r i n g  t h e  f a l l  r educe  
m e t a b o l i c  a c t i v i t y  and swimming performance ( B r e t t ,  1964) ,  and h a b i t a t  
may be s e l e c t e d  t h a t  p r o v i d e s  s h e l t e r  f o r  f i s h  from f l o o d s  (Bus ta rd  and 
Narver ,  1975 a and b ) .  Winter  h a b i t a t  may be  t h e  most c r i t i c a l  f a c t o r  
i n  de t e rmin ing  t h e  annua l  abundance of j u v e n i l e s  d u r i n g  t h e i r  f r e s h w a t e r  
l i f e ,  f o r  i n  t h e  absence of s u i t a b l e  w i n t e r  c o v e r ,  p o p u l a t i o n s  can be  
g r e a t l y  reduced by f l o o d s  ( T s c h a p l i n s k i  and Hartman, 1983; Mason, 1976) .  

I n  S o u t h e a s t  Alaska c o a s t a l  s t r e a m s ,  h a b i t a t  f o r  j u v e n i l e s  i s  formed by 
t h e  h y d r a u l i c  a c t i o n  of w a t e r  p lung ing  ove r  o r  moving around l a r g e  
o r g a n i c  d e b r i s  (LOD) such  a s  l o g s  o r  r o o t  b o l e s .  The c u t t i n g  a c t i o n  of 
t h e  s t r e a m  s c o u r s  o u t  p o o l s  and p r o v i d e s  q u i e t  a r e a s  f r e e  from c u r r e n t  
v e l o c i t y .  About 70% of t h e  s t r eam h a b i t a t  s t r u c t u r e s  t h a t  a r e  used by 
j u v e n i l e s  a r e  formed by t h e  i n f l u e n c e  of LOD (Murphy and Koski ,  i n  
p r e s s ;  E l l i o t t ,  unpub l i shed)  making i t  t h e  s i n g l e  most impor t an t  f e a t u r e  
c h a r a c t e r i z i n g  r e a r i n g  salmonid h a b i t a t .  Timber h a r v e s t  a f f e c t s  summer 
and w i n t e r  h a b i t a t  i n  s e v e r a l  ways: 1 )  mechanical  removal of LOD and 
d e s t r u c t i o n  of unde rcu t  banks ,  2 )  o v e r c l e a n i n g  by s t r e a m  c l e a r a n c e  
crews, and 3 )  promotes t h e  growth of s t r e a m s i d e  v e g e t a t i o n .  
Cross-s t ream y a r d i n g  d i s l o d g e s  and d e s t a b i l i z e s  in-s t ream d e b r i s ,  o f t e n  
moving i t  t o  near-shore a r e a s .  Yarding of l o g s  p a r a l l e l  t o ,  o r  up 
s t r e a m  c h a n n e l s ,  is  p a r t i c u l a r l y  d e s t r u c t i v e .  Removal of l o g g i n g  
r e s i d u e ,  even by expe r i enced  crews,  f r e q u e n t l y  o v e r c l e a n s  s t r e a m s  and 
much n a t u r a l  d e b r i s  i s  removed i n  t h e  p r o c e s s  (Murphy and Koski ,  i n  
p r e s s ) .  T h i s ,  however, a p p e a r s  t o  b e  s i t e  s p e c i f i c ,  a s  E l l i o t t  
(unpub l i shed)  found no s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  amount of d e b r i s  i n  
a sample of logged and f o r e s t e d  streams of t h e  n o r t h e r n  Tongass f o r e s t .  

C u t t i n g  and y a r d i n g  o p e r a t i o n s  c o l l a p s e  u n d e r c u t  banks ,  e l i m i n a t i n g  
v a l u a b l e  cove r  f o r  j u v e n i l e s .  Murphy and Koski ( i n  p r e s s )  and E l l i o t t  
(unpub l i shed)  have found u n d e r c u t  bank h a b i t a t  t o  b e  o n l y  h a l f  a s  
f r e q u e n t  a f t e r  l ogg ing .  S t r eams ide  l o g g i n g  d e s t a b i l i z e s  u n d e r c u t s ,  
which c o n t r i b u t e s  t o  t h e i r  c o l l a p s e  d u r i n g  f r e s h e t s  and r e s u l t a n t  
r e d u c t i o n  i n  coho abundance ( T s c h a p l i n s k i  and Hartman, 1983).  

Removal of t h e  f o r e s t  canopy s t i m u l a t e s  p r o f u s e  growth of s t r e a m s i d e  
v e g e t a t i o n .  Though v e g e t a t i o n  can  form v a l u a b l e  cove r  f o r  j u v e n i l e s ,  
e s p e c i a l l y  when i t  overhangs p o o l s  o r  o t h e r  q u i e t  a r e a s ,  i t  i s  no t  
u n i v e r s a l l y  i m p o r t a n t  a s  cove r  i n  a l l  l o c a t i o n s .  However, overhanging 
v e g e t a t i o n ,  e s p e c i a l l y  when i n  f l o w e r ,  a t t r a c t s  numerous t e r r e s t r i a l  
i n s e c t s  which c o n t r i b u t e  t o  t h e  food supp ly  of j u v e n i l e  f i s h  (Meehan e t  
a l . ,  1977) .  

INCREASED FRY PRODUCTION EXAMINED: 

Low l e v e l s  of a l g a l  p r o d u c t i o n  i n  f o r e s t e d  s t r e a m s  i s  r e l a t e d  t o  t h e  
poor  l i g h t  c o n d i t i o n s  found under  t h e  dense t imber  c a n o p i e s  (S tockne r  
and S h o r t r e e d ,  1975).  S u n l i g h t  p e n e t r a t i o n  i n c r e a s e s  a f t e r  c l e a r c u t t i n g  
t o  t h e  edge of s t r e a m  banks and, e i t h e r  i n d e p e n d e n t l y ,  o r  coupled w i t h  
e l e v a t e d  n u t r i e n t s  and t e m p e r a t u r e ,  h a s  been shown t o  i n c r e a s e  t h e  
primary p r o d u c t i v i t y  of s m a l l  s t r e a m s  (Bormann and L i k e n s ,  1970; 
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Hansmann and Phinney,  1973; Murphy and Koski ,  i n  p r e s s ) .  A d d i t i o n a l l y ,  
Murphy and Koski ( i n  p r e s s )  found a s t r o n g  c o r r e l a t i o n  between i n c r e a s e d  
a l g a l  p r o d u c t i o n  i n  c l e a r c u t s  and e l e v a t e d  l e v e l s  of a q u a t i c  ben thos  
p r o d u c t i o n .  They concluded t h a t  t h e s e  f a c t o r s  a r e  r e s p o n s i b l e  f o r  
i n c r e a s e d  abundance of age-0 coho f r y  i n  logged s t r e a m s ,  r e l a t i v e  t o  f r y  
abundance i n  f o r e s t e d  s t r eams .  These f i n d i n g s  c o r r o b o r a t e  t h e  
c o n c l u s i o n s  of o t h e r s  t h a t  d e n s i t y  of j u v e n i l e s  may be  food l i m i t e d  and 
t h a t  j u v e n i l e s  f r e q u e n t l y  respond t o  i n c r e a s e s  i n  food supply w i t h  an 
i n c r e a s e  i n  r e a r i n g  d e n s i t y  (McFadden, 1969; Mason and Chapman, 1965; 
Hunt,  1969).  Not on ly  a r e  f r y  more numerous b u t  t hey  appear  t o  b e  
s l i g h t l y  l a r g e r  i n  s i z e  ( E l l i o t t ,  u n p u b l i s h e d ) .  I n c r e a s e d  s i z e  i s  
though t  t o  b e  a r e sponse  t o  l o n g e r  growing s e a s o n s  r a t h e r  t h a n  
i n c r e a s e d  food supp ly  ( T s c h a p l i n s k i  and Hartman, 1983; S c r i v e n e r  and 
Andersen, 1984) .  

These r e c e n t  f i n d i n g s  have been s e i z e d  and promoted by some a s  ev idence  
t h a t  l ogg ing  i s  b e n e f i c i a l  t o  t h e  p r o d u c t i o n  of salmonids.  T h i s  i s  no t  
t h e  c a s e ;  t h e r e  i s  no c o n c l u s i v e  ev idence  t h a t  "enrichment" of s t r e a m s  
a f t e r  l ogg ing  improves s t o c k  abundance. 

Fry p o p u l a t i o n s  i n  p r i s t i n e  s e t t i n g s  can be  ex t r eme ly  ephemeral ,  
sometimes r a p i d l y  d e c r e a s i n g  i n  number d u r i n g  t h e i r  f i r s t  y e a r  i n  f r e s h  
w a t e r  (Chapman, 1965; Crone and Bond, 1976) .  A s  t h e y  grow, demands f o r  
food and space  i n c r e a s e  and p o p u l a t i o n s  a d j u s t  by d e c r e a s i n g  t h e i r  
d e n s i t y ,  u s u a l l y  th rough  e m i g r a t i o n  of t h e  l e a s t  f i t  i n d i v i d u a l s  
(Chapman, 1966) .  However, when food i s  abundant r e l a t i v e  t o  f r y  
r e c r u i t m e n t ,  space  r equ i r emen t s  d e c r e a s e  (McFadden, 1969; Mason, 1976) 
p e r m i t t i n g  h i g h e r  d e n s i t i e s  of f r y ,  a c o n d i t i o n  t h a t  h a s  been observed 
i n  Oregon c l e a r c u t s  (Murphy and H a l l ,  1981) and i n  S o u t h e a s t  Alaska 
c l e a r c u t s  (Murphy and Koski ,  i n  p r e s s ) .  Experiments by Mason (1976) 
demonstrated t h a t  supp lemen ta l  f e e d i n g s  of f r y  i n c r e a s e s  t h e  number and 
biomass of coho f r y  by 6-7 t imes t h a t  found i n  n a t u r a l  s t r eams .  
However, he  showed t h a t  t h e  i n c r e a s e d  number of coho do n o t  s u r v i v e  t h e  
w i n t e r  and e m i g r a t e  ( d u r i n g  f a l l - w i n t e r  f l o o d s )  due t o  t h e  l a c k  of 
s u i t a b l e  w i n t e r  c o v e r  r e q u i r e d  t o  s u p p o r t  t h e  p o p u l a t i o n  a t  e l e v a t e d  
l e v e l s .  Mason (1976) concluded t h a t  "a 6-7 f o l d  i n c r e a s e  i n  p o t e n t i a l  
smol t  y i e l d  induced by a supp lemen ta l  f e e d i n g  s t r a t e g y  d u r i n g  t h e  summer 
was n u l l i f i e d  by t h e  n a t u r a l  c a r r y i n g  c a p a c i t y  of t h e  s t r e a m  ove r  
win te r " .  

T h i s  i s  f u r t h e r  suppor t ed  by f i n d i n g s  t h a t  h a b i t a t  used d u r i n g  t h e  
summer, which can s u p p o r t  l a r g e  numbers of f i s h ,  i s  no t  n e c e s s a r i l y  
b e n e f i c i a l  d u r i n g  t h e  w i n t e r .  The b e h a v i o r  of j u v e n i l e  coho salmon 
changes a t  t h e  o n s e t  of f a l l  and they  move deepe r  i n  p o o l s  and t o  
r e c e s s e s  p rov ided  by LOD (Bus ta rd  and Narve r ,  1975a) .  

The amount and q u a l i t y  of LOD i s  p robab ly  t h e  most c r i t i c a l  f a c t o r  i n  
d e t e r m i n i n g  t h e  s u i t a b i l i t y  of w i n t e r  h a b i t a t ;  H e i f e t z  e t  a l .  ( i n  p r e s s )  
showed t h a t  h a b i t a t  w i t h  LOD i s  used e x t e n s i v e l y  by w i n t e r i n g  
coho and s t e e l h e a d  b u t  t h e  same t y p e s  of h a b i t a t  w i t h o u t  LOD a r e  n o t  
u sed .  Thus, t h e  above f i n d i n g s  s t r o n g l y  s u g g e s t  t h a t  w i n t e r  h a b i t a t  i s  
l i m i t e d  t o  s t r e a m  s t r u c t u r e s  w i t h  s p e c i f i c  c h a r a c t e r i s t i c s  and t h a t  
smol t  y i e l d  i s  d i r e c t l y  r e l a t e d  t o  the amount of w i n t e r  h a b i t a t .  
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Furthermore,  though c l e a r c u t t i n g  may produce an abundance of f r y  d u r i n g  
t h e  summer, t h e r e  i s  no ev idence  and no g u a r a n t e e  t h a t  t h e s e  f i s h  w i l l  
s u r v i v e  and c o n t r i b u t e  t o  smolt  y i e l d  ove r  and above t h a t  d i c t a t e d  by 
w i n t e r  h a b i t a t .  

CHANNEL MORPHOLOGY 

Because logg ing  d e b r i s  i s  more dense ly  c o n c e n t r a t e d  ( u p  t o  seven t imes )  
t h a n  most n a t u r a l  accumula t ions ,  i t  can s e v e r e l y  c o n s t r i c t  f l o w s .  The 
r e s u l t s  may b e  r a p i d  s t r e a m  bed and s t r e a m  bank c u t t i n g  and 
d e s t a b i l i z a t i o n  of a l l  woody m a t e r i a l  (Bryan t ,  1983) .  When l o g g i n g  
d e b r i s  e n t e r s  a s t r e a m ,  i t  i s  l o o s e  and f l o a t s  e a s i l y .  Thus, i t  w i l l  
move i n  c h a n n e l s  d u r i n g  f l o o d s ,  and d i s l o d g e  more s t a b l e  accumula t ions ,  
r e l e a s e  sed imen t ,  and i n c r e a s e  channe l  i n s t a b i l i t y .  Large 
c o n c e n t r a t i o n s  of u n s t a b l e  m a t e r i a l  can have adve r se  e f f e c t s  on channe l  
morphology and t h e  g e n e r a l  s u i t a b i l i t y  of s t r e a m s  f o r  salmonid spawning 
and r e a r i n g .  A s  o r g a n i c  m a t e r i a l  and sediment s h i f t  a long  t h e  s t r e a m ,  
g r a v e l  b a r s  a r e  formed, e r o s i o n  o c c u r s  around p i l e s  of l a r g e  o r g a n i c  
d e b r i s ,  and c h a n n e l s  become u n s t a b l e .  Heavy l o a d i n g  of d e b r i s  i n  
s t r e a m s  of more t h a n  10% g r a d i e n t  can cause  d e b r i s  t o r r e n t s  t h a t  s c o u r  
o u t  e n t i r e  channe l s  and d e p o s i t  massive jams downstream. 

A d d i t i o n a l  e f f e c t s  of l a r g e  woody d e b r i s  on s t r e a m  channe l  morphology 
were d i s c u s s e d  by Swanson e t  a l .  ( 1 9 7 7 )  and Bryant (1980) f o r  S o u t h e a s t  
Alaska s t r e a m s .  These e f f e c t s  i n c l u d e  long-term changes i n  sediment 
s t o r a g e ,  d i r e c t i o n  of f low,  and h e t e r o g e n e i t y  of s t r e a m  c h a n n e l s .  

LONG TERM EFFECTS ON FISH 

ENERGY SOURCES: 

I n  f o r e s t e d  s t r e a m s  where t h e r e  i s  l i t t l e  s u n l i g h t ,  energy e n t e r s  
a q u a t i c  communities from l e a v e s ,  t w i g s ,  n e e d l e s ,  e t c . ,  which a l s o  
p r o v i d e  s o u r c e s  of ca rbon ,  n i t r o g e n ,  and o t h e r  n u t r i e n t s .  Organic  
p a r t i c u l a t e s  a r e  consumed by a q u a t i c  i n v e r t e b r a t e s ,  which i n  t u r n  a r e  
consumed by j u v e n i l e  salmonids.  T h i s  p r o c e s s  ( h e t e r o t r o p h i c  energy 
pathway) o c c u r s  t o  a g r e a t e r  deg ree  i n  headwater  s e c t i o n s  of s t r e a m s  
where l i g h t  p e n e t r a t i o n  i s  poor ,  b u t  i n  downstream s e c t i o n s  of s t r e a m s ,  
where t h e  canopy i s  more d i v i d e d ,  p e r m i t t i n g  more l i g h t  t o  r e a c h  t h e  
w a t e r ,  s t r e a m  communities u t i l i z e  a m i x t u r e  of a u t o t r o p h i c  and 
h e t e r o t r o p h i c  energy pathways.  I n  o t h e r  words,  energy i s  accumulated 
v i a  p h o t o s y n t h e t i c  ( l i g h t  f i x i n g )  p r o c e s s e s  and from organisms 
e x t r a c t i n g  energy from f i n e  p a r t i c u l a t e  d e t r i t u s  t r a n s p o r t e d  downstream 
from headwater  s e c t i o n s .  

C l e a r c u t t i n g  s h i f t s  t h e  e n e r g e t i c  c h a r a c t e r  of headwater  s e c t i o n s  t o  
t h a t  which i s  more r e p r e s e n t a t i v e  of downstream s e c t i o n s .  T h i s  s h i f t ,  
however, o c c u r s  w i t h o u t  t h e  b e n e f i t  of ups t r eam ca rbon  i n p u t  and c o u l d ,  
t h e r e f o r e ,  a f f e c t  t h e  d i v e r s i t y  of a q u a t i c  communities and t h e i r  
f u n c t i o n s .  I t  is  no t  known how t h e s e  e f f e c t s  w i l l  impact f i s h  
communities,  b u t  i t  i s  presumed t h a t  community f u n c t i o n  w i l l  g r a d u a l l y  
r e v e r t  t o  a more pre-logged c o n d i t i o n  a f t e r  40 t o  60 y e a r s ,  when t h e  
second growth f o r e s t  deve lops  a long  t h e  s t r e a m  margins .  
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INSTREAM WOODY DEBRIS 

Woody d e b r i s  from f o r e s t  s o u r c e s  i s  a c r i t i c a l  f e a t u r e  of s t r e a m  h a b i t a t  
i n  c o a s t a l  Alaska and p r o v i d e s  f o r a g i n g  and r e f u g e  s i t e s  f o r  j u v e n i l e s  
d u r i n g  summer and p r o t e c t i o n  a g a i n s t  f l o o d s  d u r i n g  w i n t e r .  Long-term 
changes may occur  i n  t h e  q u a l i t y  and q u a n t i t y  of LOD and LOD-formed 
h a b i t a t  a f t e r  c l e a r c u t t i n g .  N a t u r a l  s t r e a m  p r o c e s s e s  such  a s  mechanical  
a b r a s i o n ,  b i o l o g i c a l  a c t i v i t y ,  and e s p e c i a l l y  f l o o d s ,  g r a d u a l l y  r educe  
and t r a n s p o r t  woody d e b r i s  downstream. I n  f o r e s t e d  s t r e a m s ,  t h e  
downstream t r a n s p o r t  and replacement  from t h e  f o r e s t  through windthrow, 
e t c .  i s  a con t inuous  c y c l e  and d e b r i s  formed h a b i t a t  remains a t  
r e l a t i v e l y  c o n s t a n t  l e v e l s  o v e r  t i m e .  But where s t r e a m s  have been 
c l e a r c u t ,  t h e  s o u r c e  of d e b r i s  i s  e l i m i n a t e d  and s t r e a m  p r o c e s s e s ,  
u n i n t e r r u p t e d ,  w i l l  c o n t i n u e  t o  remove d e b r i s  b u t  w i l l  do so  w i t h o u t  
r ep lacemen t .  Using d a t a  from o l d  f o r e s t  f i r e s ,  Swanson and Lienkaemper 
(1978) e s t i m a t e d  t h a t  d e b r i s  g r a d u a l l y  d i s a p p e a r s  from s t r e a m s ,  and t h a t  
a f t e r  110 y e a r s ,  i n s t r e a m  d e b r i s  i s  reduced t o  50% of former l e v e l s .  

Second growth f o r e s t s  b e g i n  t o  c o n t r i b u t e  d e b r i s  a t  about  110 y e a r s  and 
d e b r i s  l o a d i n g  i s  e s t i m a t e d  t o  r e t u r n  t o  n a t u r a l  l e v e l s  by 150+ y e a r s  
a f t e r  s o u r c e  removal.  S e d e l l  and T r i s k a  (1977) s u g g e s t  an even s lower  
r a t e  of d e b r i s  accumulat ion i n  s t r eams .  They found t h a t  accumulat ion of 
d e b r i s  i s  a sympto t i c  and r e q u i r e s  about  450 y e a r s  t o  r e c o v e r  t o  n a t u r a l  
l e v e l s  i n  s t r e a m s  where a l l  n a t i v e  m a t e r i a l  was removed. 

The r a t e  a t  which s t r e a m  p r o c e s s e s  remove d e b r i s  is  unknown. Decay and 
removal r a t e s  i n  f r e s h w a t e r  appea r  t o  b e  v e r y  slow because  of low 
b i o l o g i c a l  a c t i v i t y .  Even on l a n d ,  where decay r a t e s  a r e  more r a p i d ,  
downed l o g s  can l a s t  from 100-200 y e a r s  and l a r g e  l o g s  have been found 
t h a t  have been on t h e  ground f o r  more t h a n  450 y e a r s .  The r a t e  of 
removal i n  s t r e a m s  i s  p robab ly  dependent  on s t r e a m  s i z e  a s  m a t e r i a l  may 
b e  v e r y  p e r s i s t e n t  i n  s m a l l  c h a n n e l s  b u t  more temporary i n  l a r g e  
channe l s .  

Rea r ing  sa lmon ids  a r e  s t r o n g l y  a s s o c i a t e d  w i t h  LOD and LOD-formed 
h a b i t a t .  T h i s  r e l a t i o n s h i p  p e r m i t s  t h e  c a l c u l a t i o n  of t h e  d e n s i t y  of 
j u v e n i l e s  p e r  volume of LOD w i t h  f a i r  accuracy.  Assuming a maximum l o s s  
of 50% of LOD i n  t h e  f i r s t  110 y e a r s  a f t e r  c l e a r c u t t i n g ,  e q u a t i o n s  
developed by E l l i o t t  (unpub l i shed)  p r e d i c t  a l o s s  of about 30% c a r r y i n g  
c a p a c i t y  f o r  j u v e n i l e  coho d u r i n g  t h e  summer. S i n c e  j u v e n i l e s  a r e  even 
more s t r o n g l y  a s s o c i a t e d  w i t h  LOD d u r i n g  w i n t e r  ( H e i f e t z  e t  a l . ,  i n  
p r e s s )  t h e  t o t a l  l o s s  i n  annua l  c a r r y i n g  c a p a c i t y  could be  a s  h i g h  a s  
50%. 

I f  l e f t  t o  themselves  a f t e r  c l e a r c u t t i n g ,  s t r e a m s  w i l l  i n  t i m e  g r a d u a l l y  
r e p a i r  t hemse lves .  However, by 110-150 y e a r s  a f t e r  the f i r s t  c u t t i n g ,  
t h e  f o r e s t  w i l l  a g a i n  be  r eady  f o r  h a r v e s t .  T h i s  w i l l  occu r  a t  a t i m e  
when i n s t r e a m  d e b r i s  may no t  have r ecove red  s u f f i c i e n t l y  t o  s u p p o r t  
optimum d e n s i t i e s  of j u v e n i l e s .  The r e s u l t  of t h i s  s c e n a r i o  i s  a 
g r a d u a l  and pe rhaps  permanent d e b i l i t a t i o n  of s t r e a m  h a b i t a t  and a 
d e c r e a s e  i n  t h e  y i e l d  of salmonid smol t .  
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EFFECTS OF TlMBER HARVEST ON THE RECREATIONAL USE OF FISH 

Changes i n  Use P a t t e r n s  

R e c r e a t i o n a l  Use 

S i n c e  l a r g e  s c a l e  logg ing  began i n  t h e  l a t e  1950 ' s ,  t h e r e  h a s  been a 
c o n t i n u a l  r e d u c t i o n  i n  t h e  number of u n a l t e r e d  wa te r sheds  a v a i l a b l e  f o r  
r e c r e a t i o n .  Between 1974 and t h e  p r e s e n t ,  an e s t i m a t e d  1,500 mi les  of 
road were scheduled f o r  c o n s t r u c t i o n  and 107,240 a c r e s  of f o r e s t  
d e s i g n a t e d  f o r  c l e a r c u t t i n g .  T h i s  a c t i o n  h a s  made an e s t i m a t e d  900,000 
a c r e s  of t h e  Tongass N a t i o n a l  F o r e s t  u n s u i t a b l e  f o r  w i l d e r n e s s  o r  
r o a d l e s s  r e c r e a t i o n .  These e s t i m a t e s  do no t  i n c l u d e  a r e a s  h a r v e s t e d  
p r i o r  t o  1974 because d a t a  a r e  u n a v a i l a b l e .  However, b e s t  e s t i m a t e s  
i n d i c a t e  t h a t  t h e  pre-1974 f i g u r e s  a t  l e a s t  e q u a l  t h o s e  f o r  t h e  
1974-to-present p e r i o d .  

Ang le r s  i n  S o u t h e a s t  Alaska p r e f e r  f i s h i n g  i n  an u n d i s t u r b e d ,  uncrowded 
environment (Schwan, 1984) .  A s  t h e  e x t e n t  of l o g g i n g  s p r e a d s ,  t h e  
o p p o r t u n i t y  f o r  t h i s  t ype  of e x p e r i e n c e  w i l l  d i m i n i s h .  Nea r ly  a l l  of 
t h e  d r a i n a g e s  n o r t h  of C r a i g  and Klawock, on P r i n c e  of Wales I s l a n d ,  
w i t h  t h e  e x c e p t i o n  of t h e  K a r t a  R i v e r ,  a r e  now logged o r  have r o a d s .  I n  
t h e  P e t e r s b u r g  a r e a ,  most of n o r t h e r n  Kuiu,  w e s t e r n  Kupreanof,  and much 
of Mitkof I s l a n d  w i l l  be  a f f e c t e d .  T h i s  i n c l u d e s  t h e  t h r e e  b e s t  
anadromous c u t t h r o a t  s t r e a m s  i n  S o u t h e a s t ,  Kadake Creek,  Hamilton R i v e r ,  
and C a s t l e  R i v e r .  Every major  d r a i n a g e  n o r t h  of S i t k a ,  i n  P e r i l  S t r a i t ,  
Tenakee I n l e t ,  and t h e  n o r t h e r n  p o r t i o n  of Chichagof I s l a n d  w e s t  t o  P o r t  
F r e d e r i c k ,  w i l l  b e  developed.  

According t o  t h e  Tongass Land Management P l a n  (TLMP), about  50% of t h e  
b e s t  salmonid producing s t r e a m s  were schedu led  f o r  t imber  h a r v e s t .  
F o r t u n a t e l y ,  many of t h e  h i g h  v a l u e  s p o r t  f i s h i n g  sys t ems  a r e  now w i t h i n  
t h e  b o u n d a r i e s  of w i l d e r n e s s  a r e a s  and a r e  less  v u l n e r a b l e  t o  f u t u r e  
development.  However, a l a r g e  number of s t r e a m s  c u r r e n t l y  i n  Land Use 
D e s i g n a t i o n  (LUD) 1 's  and 11's cou ld  be  r e c l a s s i f i e d  t o  LUD 111's and 
I V ' s  when TLMP i s  r e v i s e d .  T h i s  would make t h e  t imber  a d j a c e n t  t o  many 
of t h e s e  s treams a v a i l a b l e  f o r  h a r v e s t .  

Timber development of t h e  Tongass can have a d i r e c t  e f f e c t  on h a r v e s t  
r a t e s  of salmonids and t h e  d i sp lacemen t  of t r a d i t i o n a l  u s e r s  i n  some 
a r e a s .  R e c r e a t i o n a l  a n g l i n g  i n  t h e  immediate v i c i n i t y  of l o g g i n g  and 
F o r e s t  S e r v i c e  camps can  be  ex t r eme ly  i n t e n s e .  Nea r ly  h a l f  t h e  s e a s o n a l  
t a k e  of s t e e l h e a d  a t  S i t k o h  Creek i n  p a s t  y e a r s  h a s  been by o f f  du ty  
F o r e s t  S e r v i c e  p e r s o n n e l  and r e p o r t s  from t h e  f i e l d  i n d i c a t e d  t h a t  b o t h  
F o r e s t  S e r v i c e  employees and workers  from t h e  Corner  Bay logg ing  camp 
have p l a c e d  extreme p r e s s u r e  on the Kadashan s t e e l h e a d  p o p u l a t i o n .  When 
t h e  Rodman Bay camp was a c t i v e ,  t a g  r e t u r n  d a t a  showed t h a t  r e s i d e n t s  of 
t h a t  camp h a r v e s t e d  o v e r  50% of t h e  p o t e n t i a l  Do l ly  Varden spawners i n  
Rodman Creek d u r i n g  1 y e a r .  R e s i d e n t s  of t h e  Rowan Bay camp p l a c e  heavy 
demands on sockeye and o t h e r  f r e s h w a t e r  s p e c i e s  i n  Kutlaku Lake. 
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Road systems i n  t h e  Tongass a r e  now developed t o  t h e  e x t e n t  t h a t  l i n k s  
between s t r a t e g i c  a r e a s  w i l l  open up an i n t e r - i s l a n d  highway system. 
Road networks on P r i n c e  of Wales I s l a n d  and n o r t h e r n  Chichagof w i l l  
e v e n t u a l l y  c r e a t e  a c c e s s  t o  ove r  40 major wa te r sheds .  Both networks a r e  
a c c e s s i b l e  by f e r r i e s  of t h e  Marine Highway System. 

The f o r e s t  road system w i l l  p r o v i d e  new o p p o r t u n i t i e s  f o r  t h e  u s e  of 
p r e v i o u s l y  u n a c c e s s i b l e  a r e a s  and d i s t r i b u t e  f i s h i n g  p r e s s u r e  t o  a 
g r e a t e r  e x t e n t .  But opening new a r e a s  can  a l s o  b r i n g  problems, a s  many 
s m a l l  s t r e a m s  have f i s h  s t o c k s  which cannot  s u s t a i n  much f i s h i n g  
p r e s s u r e ,  and w i l l  l i k e l y  be  o v e r h a r v e s t e d  u n l e s s  t h e r e  i s  a p p r o p r i a t e  
r e g u l a t o r y  a c t i o n .  

The Alaska P u b l i c  Survey, conducted i n  t h e  s p r i n g  of 1979, showed t h e  
importance of t h e  r e s o u r c e s  of S o u t h e a s t  Alaska t o  t h e  r e s i d e n t s  of t h e  
r e g i o n  (Alves,  1981) .  The su rvey  i n d i c a t e d  t h a t ,  f o r  many p e o p l e ,  t h e  
env i ronmen ta l  s e t t i n g  and r e c r e a t i o n a l  o p p o r t u n i t i e s  was a b i g g e r  f a c t o r  
f o r  l i v i n g  i n  t h e  r e g i o n  t h a n  were t h e  economic o p p o r t u n i t i e s  provided 
by t h e  r e g i o n ' s  n a t u r a l  r e s o u r c e s .  The su rvey  a l s o  a t t empted  t o  a s s e s s  
t h e  s e n s i t i v i t y  of r e c r e a t o r s  t o  changes i n  t h e i r  f a v o r i t e  p l a c e s  f o r  
o v e r n i g h t  r e c r e a t i o n .  A l a r g e  p e r c e n t a g e  of a l l  r e s p o n d e n t s  i n d i c a t e s  
t hey  would s t o p  go ing  t o  t h e i r  f a v o r i t e  p l a c e  i f  any number of 
development r e l a t e d  a c t i v i t i e s  t ook  p l a c e  t h e r e .  The two most 
d e t r i m e n t a l  changes were (1)  more r e c r e a t i o n i s t s  and ( 2 )  new logg ing .  

Commercial Use 

The o v e r a l l  supp ly  of salmon i s  r o o t e d  i n  t h e  y e a r  c l a s s  s u r v i v a l  
r e s u l t i n g  i n  an a d u l t  r e t u r n  i n  excess of spawning needs.  C u r r e n t  
Commercial F i s h e r i e s  management s t r a t e g i e s  h a r v e s t  salmon normally i n  a 
mixed s t o c k  c o n d i t i o n ,  so  t h a t  i t  i s  v i r t u a l l y  imposs ib l e  t o  a s s e s s  
r e d u c t i o n  i n  salmon h a r v e s t  from env i ronmen ta l ly  induced m o r t a l i t y  due 
t o  s i t e  s p e c i f i c  s t r e a m  e f f e c t s .  (Commercial F i s h e r i e s  D i v i s i o n  s t a f f  
w i l l  b e  expanding t h i s  s e c t i o n . )  

Economic E f f e c t s  - SDort F i s h e r v  

Economic e f f e c t s  on r e c r e a t i o n a l  a n g l e r s  from t imber  h a r v e s t  a c t i v i t i e s  
have no t  been s t u d i e d ,  and i n  f a c t  t h e  c u r r e n t  economic v a l u e  of t h e  
r e c r e a t i o n a l  f i s h e r y  of S o u t h e a s t  Alaska h a s  no t  been a d e q u a t e l y  
i n v e n t o r i e d .  It  can o n l y  b e  rough ly  e s t i m a t e d  from d a t a  c o l l e c t e d  o v e r  
a decade ago. Schmidt and Robards (1974) ,  Harmer (1974) ,  and t h e  
Department of t h e  I n t e r i o r  (1980) have p r e s e n t e d  e s t i m a t e s  of 
e x p e n d i t u r e s  r e l a t e d  t o  r e c r e a t i o n a l  f i s h i n g  i n  Alaska,  b u t  o n l y  Harmer 
(1974) e s t i m a t e d  an ave rage  annua l  e x p e n d i t u r e  by a S o u t h e a s t  a n g l e r  
which i n c l u d e d  e x p e n d i t u r e s  f o r  b o a t s .  Harmer e s t i m a t e d  t h e  ave rage  
t o t a l  e x p e n d i t u r e  d u r i n g  1973 by a S o u t h e a s t  a n g l e r  t o  b e  415 d o l l a r s .  
M i l l s  (1984) e s t i m a t e d  31,671 r e c r e a t i o n a l  a n g l e r s  f i s h e d  i n  S o u t h e a s t  
Alaska i n  1983. By i n f l a t i n g  t h e  1973 e x p e n d i t u r e s  t o  1983 d o l l a r s  
(Anchorage based CPI; J u l y ,  1983) ,  t h e n  rough ly  29 m i l l i o n  d o l l a r s  worth 
of e x p e n d i t u r e s  were made by r e c r e a t i o n a l  a n g l e r s  d u r i n g  1983. 

35 




The Department of F i s h  and Game i s  bad ly  i n  need of d e t a i l e d ,  c u r r e n t  
economic d a t a  p e r t a i n i n g  t o  r e c r e a t i o n a l  f i s h e r i e s .  Only then  can t h e  
economic magnitude of t h e  r e c r e a t i o n a l  f i s h e r y  be s e e n  i n  i t s  p rope r  
p e r s p e c t i v e  and economic e f f e c t s  on t h e  f i s h e r y  from u n r e l a t e d  
a c t i v i t i e s  be a s s e s s e d .  

Economic E f f e c t s  - Commercial F i s h e r i e s  

True supply - demand, o r  marked economics,  probably do no t  have an 
e f f e c t  on salmon h a b i t a t  p r o t e c t i o n  o r  maintenance.  Most e f f o r t s  a t  
m a i n t a i n i n g  h a b i t a t ,  a s  f a r  a s  e f f i c i e n c y  of economics i s  concerned,  i s  
an a l l o c a t i o n  f u n c t i o n  o u t s i d e  of t h e  market mechanism and i s  c l a s s e d  a s  
a ' l s o c i a l  good" l e f t  mainly t o  governmental  c o n t r o l  ( G l a s s ,  1984) .  

The economic impac t s  of h a b i t a t  l o s s  a r e  no t  r e p r e s e n t e d  i n  t h e  
l i t e r a t u r e  conce rn ing  salmon p roduc t ion .  However, t h e  commercial 
f i s h e r i e s  manager f o r  t h e  Ketchikan management a r e a  s t a t e d  t h a t  he h a s  
kep t  t h e  f i s h i n g  a r e a  a s s o c i a t e d  w i t h  H a r r i s  R i v e r  c l o s e d  t o  f i s h i n g  and 
h a s  succeeded i n  on ly  a c h i e v i n g  adequate  escapement of p i n k  salmon i n t o  
t h i s  o l d  logged wa te r shed .  H e  f e e l s  t h a t  some e c o l o g i c a l  a s p e c t  of t h e  
s t r e a m  h a s  changed t h a t  now l i m i t s  p r o d u c t i o n .  

The Department of F i s h  and Game i s  c a l l e d  upon t o  a c c e p t  " t r a d e - o f f s "  
d u r i n g  p l a n n i n g  of m u l t i p l e  u s e  management. The problem, w i t h  
s i l t a t i o n ,  a s  j u s t  one example, i n  a " t r ade -o f f "  d e c i s i o n ,  i s  t h a t  no 
e s t i m a t e  of t h e  p e r c e n t a g e  of l o s s  t o  t h e  f i s h e r y  r e s o u r c e  can be 
q u a n t i f i e d  i n  e i t h e r  numbers of f i s h  o r  economic o p p o r t u n i t y .  

RECOMMENDATIONS 


Recommendations w i l l  b e  w r i t t e n  a f t e r  o t h e r  s e c t i o n s  of t h e  706(b) d r a f t  
r e p o r t  have been reviewed. 
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